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LINOSA  AND  ITS  ROCKS 


HENRY  S.  WASHINGTON 


INTRODUCTION 

In  the  present  paper  are  described  the  geology  and  petrology  of  a 
small  islet  in  the  Mediterranean  which,  up  to  the  present,  has  remained 
almost  imknown  to  geologists.  The  observations  and  collections 
on  which  the  paper  is  based  were  made  in  September,  1905,  in  the 
course  of  a  trip  to  some  of  the  less-known  volcanoes  of  the  western 
Mediterranean,  undertaken  for  the  Carnegie  Institution  of  Washing- 
ton, to  the  trustees  of  which  I  am  indebted  for  permission  to  publish 
this  paper  here. 

About  half-way  between  Malta  and  the  coast  of  Tunis  three  small 
islets — Linosa,  Lampedusa,  and  Lampione — project  above  the  sea, 
which  are  called  collectively  the  Pelagic  Islands  (Isole  Pelagic). 
While  geographically  grouped  together,  geologically  they  are  very 
diverse,  Linosa  being  entirely  volcanic,  while  Lampedusa  and  Lam- 
pione are  composed  wholly  of  Umestone. 

Although  this  paper  deals  properly  with  Linosa  alone,  it  may  yet 
be  of  interest  to  record  a  few  facts  about  Lampedusa.'  This  island, 
the  largest  of  the  group,  is  of  narrow,  oblong  shape,  the  greatest 
length  (east  and  west)  being  eleven  kilometers,  and  the  greatest 
breadth  (north  and  south)  about  three  kilometers,  almost  at  the 
eastern  end.    It  is  essentially  a  tilted  block  of  limestone,  the  highest 

»  Cf.  W.  Deecke,  liaHen,  Berlin,  1899  ( ?),  p.  479;   and  Italy,  London  and  New 
York,  1904,  P-  449- 
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point.ljelH^'at  the  west  (133°*),  and  thence  gradually  sloping  to  the 
east  eniS,*  where  the  general  elevation  above  sea-level  is  but  20". 

;\T(fe  surface,  which  is  in  general  fairly  flat,  is  somewhat  cut  up  by 

•  •  • 

./•shallow  erosion  valleys,  and  there  are  no  very  prominent  hills.  The 
soil  almost  all  over  the  island  is  stony  and  barren,  a  few  gardens  and 
vineyards  being  maintained  with  difficulty  here  and  there,  and  the 
only  trees  are  half  a  dozen  date  palms  which  are  found  in  sheltered 
hollows.  The  T6ck  composing  Lampedusa  is  a  white  to  creamy- 
yellow,  soft  limestone,'  which  is  distinctly  magnesian,  as  shown  by 
the  analysis  of  Spcciale,'  who  has  described  the  island  briefly.  Accord- 
ing to  him  it  is  more  recent  than  the  Tertiary  limestones  of  Malta, 
containing  fossils  of  li\dng  mollusks.  Lampedusa  is  of  considerable 
conunercial  importance  as  the  center  of  extensive  sponge  and  sardine 
fisheries,  and  is  the  point  of  exchange  for  the  sponge  trade  of  the 
Mediterranean,  the  sponges  from  the  Greek  islands  being  largely 
brought  here.^ 

Lampione,  which  Ues  about  8  nautical  miles  west  of  Lampedusa, 
is  a  mere  rock,  barely  400  meters  across,  43  meters  high  at  its  western 
end,  and  sloping  to  sea -level  at  the  east.  It  is  said  to  be  composed  of 
limestone  similar  to  that  which  forms  Lampedusa. 

GEOLOGY  OF  LINOSA 

Bibliography. — The  literature  on  the  geology  of  Linosa  is  very 
scanty,  conmiensurate  with  its  small  size  and  isolation,  and  its  political 
and  commercial  insignificance.  For  the  most  part  the  papers  which 
deal  with  it  belong  to  the  first  half  of  the  nineteenth  centun:  and  are 
of  little  modem  value.  A  list  of  them  is  given  by  Speciale.  The  stand- 
ard general  works  on  volcanoes  either  ignore  or  barely  mention  the 
island,  Scrope,*  for  instance,  giving  it  but  three  lines  of  description. 

Mercalli,^  who  bases  his  account  on  the  work  of  Calcara^  (an  author 

»  Lampedusa  and  Lampione  are  incorrectly  colored  as  volcanic  on  Sheet  45  of 
the  Carte  geologique  internal ionale  de  TEurope.     I  saw  no  igneous  rock  on  the  island. 
»  S.  Speciale,  Boll.  Com.  Geol.  /to/.,  Vol.  XV,  1884,  p.  263. 

3  My  thanks  are  due  Signor  S.  di  Maggio  for  courtesies  and  assistance  during 
my  few  hours  on  Lampedusa. 

4  G.  P.  Scrope,  VolcanoeSy  London,  2d  ed.,  1862,  p.  345. 
s  G.  Mercalli,  Vulcani  d'ltalia^  Milano,  1883,  p.  161. 

6  P.  Calcara,  Descritione  deW  isola  Linosa,  Palermo,  185 1,  pp.  30. 
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whom  I  have  been  unable  to  consult),  ^ves  a  page  of  description,  with 
considerable  detail  as  to  altitudes,  etc.  He  makes  mention  of  but 
four  volcanoes,  but  it  is  interesting  to  note  that  Calcara  recognized 
the  two  periods  of  vulcanicity  to  be  described  later,  though  his  "tra- 
chytic"  rocks  are  shown  by  my  observations  and  analyses  to  be 
basaltic  tuffs,  and  were  evidently  referred  to  the  trachytes  because 
of  their  light  color. 

The  most  recent,  and  the  only  modem,  paper  dealing  with  the  ge- 
ology is  that  of  Speciale,*  which  is  but  a  preliminary  one,  the  second 
part,  which  was  to  describe  the  petrography  of  the  rocks,  never  having 
appeared.  In  this  two-page  paper  Speciale  briefly  describes  the 
general  geology  and  several  of  the  volcanoes,  distinguishing  between 
those  of  tuff  and  of  lava,  the  limits  of  which  are  given  on  his  map. 

The  last  paper  to  be  mentioned  is  that  of  D'Avezac,'  who  gives  a 
general  description,  apparently  based  largely  on  the  observations  of 
Captain  Smyth  prior  to  1823.  The  geology  is  summarily  treated, 
but  the  history  of  the  islet  is  discussed  more  fully,  D'Avezac  showing 
that  Linosa  is  the  *Ap€fiovaa  of  Ptolemy. 

Three  maps  of  Linosa  are  available.  The  most  satisfactory  is 
that  found  on  Sheet  211  of  the  charts  of  the  Italian  Instituto  Idro- 
grafico,  on  a  scale  of  i  :  2^,000,  and  which  has  been  used  as  the  base 
of  that  which  accompanies  this  paper.  A  second  is  found  on  the 
Linosa  and  Lampcxiusa  sheet  (No.  193)  of  the  British  Admiralty,  on 
a  scale  of  i  :  25,100,  and  this  sheet  is  of  special  interest  because  it 
shows  a  view  of  the  island  from  the  southwest.  The  third  is  on 
Foglio  2O5  of  the  topographic  maps  of  the  Instituto  Gcografico 
Militare,  the  scale  being  i  :  50,000.  In  all  three  the  various  volca- 
noes are  shown  and  many  altitudes  noted,  though,  between  the 
various  maps,  there  are  discrepancies  as  regards  these  and  the  names. 

General  description, — The  island  of  Linosa^  lies  20  miles  north- 
east of  Lampedusa  and  about  59  southeast  of  Pantelleria.  In  form 
it  is  nearly  a  square,  the  sides  facing  the  cardinal  points,  with  a  length 
east  and  west  of  about  3  kilometers  and  a  breadth  north  and  south  of 

I  Op.  cit.,  p.  165,  v^-ith  map. 

'  D'Avezac,  lies  de  F Ajrique^  Paris,  1885,  p.  119. 

3  According  to  the  British  chart  the  lighthou.e  is  situated  in  Lat.  35°  52'  X.  and 
Long.  12°  53'  E. 


4  HENRY  S.  WASHINGTON 

2.5  kilometers,  the  greatest  length  diagonaUy  from  northwest  to 
southeast  being  3.5  kilometers.  Its  total  area  is  about  6.5  square 
kilometers.  On  the  map  of  the  island  as  given  in  Fig.  i,  the  contour 
lines  are  only  approximate  and  give  merely  a  rough  idea  of  the 
topography. 


lftS«M«^«Pi4TV« 
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Fig.  I. —  Island  of  Linosa. 


Linosa  is  dry  in  the  extreme,  not  a  single  spring  being  found  on 
the  island,  and  the  water  supply  being  dependent  on  the  rains,  which 
are  collected  from  the  flat  roofs  and  preserved  in  cisterns.  At  the 
time  of  my  \isit  the  island  was  favored  with  the  first  rain  in  five 
months,  and  the  inhabitants  were  reduced  to  a  daily  ration  of  two 
liters  of  water  apiece,  a  supply  having  had  to  be  brought  by  a  govern- 
ment vessel  from  Sicily.  The  greater  part  of  the  surface,  where  it  is 
not  bare  lava  and  tuff,  is  covered  with  sterile  sand  and  ashes,  and  in 
the  few  cultiva table  areas,  which  are  fenced  in  with  opuntia  cactus 
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(the  fruit  of  which  serves  as  food  for  man  and  the  fleshy  stems  for 
beast),  some  sparse  crops  of  grain  are  raised,  or  they  are  given  over 
to  straggling  vineyards,  from  which  a  harsh,  but  not  unpleasant,  red 
wine  is  produced.  Fishing  is  the  only  industry,  and  this  barely  suffices 
for  local  needs. 

Communication  with  civilization  is  kept  up  by  a  small  steamer, 
which  touches  at  the  island  on  its  biweekly  trip  from  Pantelleria  to 
Girgenti,  and  again  a  day  and  a  half  later  on  the  return  voyage, 
touching  at  Lampcdusa  both  ways.  This  interval  was  necessarily 
the  limit  of  my  visit,  but  the  small  size  of  the  island  enabled  me  to 
make  a  fairly  complete  study  of  its  geology. 

The  earliest  evidences  of  human  occupation  are  seen  in  some 
ruins,  which  consist  of  long  and  narrow  foundation  walls,  appar- 
ently of  houses,  built  of  blocks  of  tuff,  and  also  several  pot-shaped 
graves,  lined  with  cement,  which  I  saw  near  the  summit  of  Monte 
Levante,  and  in  which  my  guide  said  skeletons  had  been  found. 
These,  as  well  as  vases  and  coins  said  to  have  been  found  on  the 
island  (none  of  which  I  saw),  point  to  the  habitation  of  the  island  in 
(probably)  Roman  times.  But  it  was  apparently  abandoned  during 
the  Middle  Ages  and  later,  and  remained  uninhabited  until  1845,' 
when  some  colonists  were  imported  by  the  government.  These 
earlier  colonists  inhabited  several  rude  chambers  hewn  in  the  tuff 
on  the  west  slope  of  Monte  Bandiera,  which  are  now  unoccupied. ' 
The  modem  village  consists  of  a  single  street,  with  low,  one-storied 
houses,  and  few  houses  are  scattered  about  the  island.  At  the  time 
of  my  visit  there  were  said  to  be  about  240  persons  residing  on  the 
island,  including  a  customs  officer,  Signor  N.  Raneri,  to  whom  I  am 
deeply  indebted  for  most  coiuteous  hospitality  and  assistance,  a  priest, 
and  a  government  physician.  A  lighthouse  occupies  the  northeast 
comer. 

General  geology, — The  only  rocks  visible  on  the  island  arc  volcanic, 
and  the  whole  mass  has  been  built  up  out  of  the  sea  by  a  succession 

»  Cf.  Mcrcalli,  op.  cU,y  p.  161,  note.  According  to  D'Avezac,  Captain  Smyth 
(before  1823)  found  no  inhabitants  nor,  indeed,  any  animal  life;  except  some  falcons. 
He  set  free  on  the  island  some  goats  and  rabbits,  and  planted  peas,  beans,  wheat, 
barley,  tobacco,  and  castor  beans  in  various  places,  all  traces  of  which  benefactions 
having  now  disappeared. 

•  According  to  Deecke  {loc.  cit.)  they  were  abandoned  in  1878. 
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of  eruptions  which  formed  a  number  of  cones.  The  only  clue  to  what 
lies  beneath  these  is  given  by  a  small  fragment  of  a  light-colored^ 
medium-grained,  oli vine-bearing,  homblende-dioritc,  which  I  found 
imbedded  in  a  piece  of  scoria  at  Monte  Rosso,  and  which  is  evidently 
a  fragment  of  a  plutonic  rock  from  the  basement  brought  up  by  the 
lava  stream.  In  this  respect  Linosa  resembles  Pantelleria,  where 
Foerstner'  reports  fragments  of  hornblende-granite  likewise  imbedded 
in  the  lava  and  tuffs,  and  which  he  refers  to  the  basement  complex 
of  the  island. 

Small  as  is  the  island  it  yet  shows  nine  distinct  volcanic  cones,' or 
centers  of  eruption,  which  may  be  referred  to  two  distinct  periods  of 
activity,  distinguished  by  the  materials  which  compose  them. 

The  first  period  is  characterized  by  cones  of  basaltic  tuff,  lava  being 
represented  in  these  only  as  included  blocks.  Not  only  do  these  tuff 
cones  show  signs  of  greater  age  than  the  cinder  cones  in  the  greater 
extent  to  which  they  have  suffered  by  erosion,  but  in  many  cases  the 
tuffs  arc  seen  to  be  overlaid  by  the  cinders  and  lavas  of  the  cones  of 
the  second  period. 

In  the  center  of  the  island  is  a  rather  prominent  ridge  of  dark, 
greenish-gray  tuff,  running  north  and  south,  to  which  the  name  of 
Monte  Bandiera  is  applied,  and  in  the  wxst  slope  of  which  the  rude 
chambers  mentioned  above  have  been  hewn.  This  ridge  is  the  west 
wall  of  what  is  apparently  the  oldest  cone  of  Linosa,  to  the  east  of  it 
two  distinct  craters  being  visible.  The  most  northerly  of  these,  for 
which  I  could  learn  no  name,  but  which  may  be  called  the  North 
Bandiera  Crater,  is  composed  largely  of  yellow,  with  some  dark- 
gray  tuffs,  which  contain  angular  blocks  of  compact  basalt.  This 
crater,  which  measures  some  300'  meters  across,  is  not  very  well 
preserved,  but  shows  a  well-defined  rim  on  the  west  and  south,  the 

«  H.  Foerstner.  Boll.  Com.  Geol  Ital.,  1881,  p.  550. 

»  Speciale  considers  that  there  are  but  five  eruptive  centers,  namely:  Monte 
Ponente  proi>er  (with  which  he  includes  Monte  Pozzolana),  the  cone  which  I  have 
named  Monte  Raneri,  Monte  Vulcano,  Monte  Rosso  (of  which  he  mentions  only  the 
barranca  on  the  north,  not  speaking  of  the  summit  crater),  and  Monte  Bandiera 
(which  includes  the  two  large  craters  immediately  to  the  east,  as  well  as  Monte  Bian- 
carella  to  the  north).  He  considers  Monte  Calcarella  as  forming  a  part  of  Monte 
Vulcano  and  does  not  mention  the  well-defined  cone  of  Monte  Levante,  nor  does  he 
consider  that  the  tuflf  and  lava  cones  belong  to  two  distinct  periods. 
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western  rim  being  about  150  meters  above  the  sandy  and  lava-covered 
plain  to  the  west  and  about  20  meters  above  the  crater  floor.  To  the 
east  its  tuffs  are  lost  beneath  the  lavas  and  cinders  of  Monte  Rosso. 
This  northerly  crater  is  older  than  its  companion,  as  the  tuffs  of  the 
latter  cover  part  of  its  southern  side,  and  it  may  be  considered  the 
oldest  on  the  island,  in  view  of  its  poor  preservation  and  central 
position. 

The  southern  crater,  which  is  called  II  Fosso,  presents  a  flat, 
elliptical  floor,  of  about  the  same  size  as  that  of  the  preceding,  which 
is  planted  in  vines  and  cactus.  This  crater  is  bounded  on  the  north, 
west,  and  south  by  a  well-defined  rim  of  yellow  and  greenish-gray 
tuffs,  which  also  contain  blocks  of  compact  basalt.  This  ridge 
reaches  a  height  on  the  west,  Monte  Bandiera,  of  102  meters,  and  on 
the  south  of  148  meters,  this  southern  rim  being  known  as  Monte 
Calcarella.  The  south  slopes  of  Calcarella  are  partly  covered  by  the 
scoriae  of  Monte  Vulcano,  and  to  the  east  the  low,  ill-defined  rim  of 
II  Fosso  is  almost  wholly  buried  beneath  the  lavas  and  ashes  of  this 
same  volcano.  A  gap  in  the  ridge  on  the  southwest,  between  Monti 
Bandiera  and  Calcarella,  gives  access  to  the  crater  floor. 

At  the  southeast  comer  of  the  island  is  a  third  tuff  cone,  that  of 
Monte  Levante."  Of  this  only  the  northern  half  remains,  the  southern 
portion  having  been  washed  away  by  the  waves,  forming  a  pre- 
cipitous cliff  and  exposing  a  fine  section,  in  an  inaccessible  outlying 
pinnacle  of  which  was  seen  a  dike  of  black  basalt.  What  remains 
of  the  cone  consists  of  thin-bedded  yellow  and  dark,  greenish-gray 
tuffs,  which  contain  numerous,  rather  large,  angular  blocks  of  com- 
pact basalt.  On  the  flat  summit  of  the  ridge,  which  is  92  meters 
above  sea-level,  weathering  has  developed  in  the  tuff  about  these 
blocks  a  series  of  concentric  thin  shells,  which  resemble  a  nest  of 
hemispherical  basins  in  which  the  blocks  lie.  None  of  these  shells 
were  seen  covering  the  blocks,  that  is,  with  the  convexity  uppermost. 
The  origin  of  this  peculiar  structure  is  uncertain  and,  while  it  seems 
to  be  made  evident  by  weathering,  yet  its  cause  must  apparently  be 
attributed  to  some  other  agency,  possibly  to  the  vibrations  set  up  in 

I  This  is  the  name  as  given  on  the  Italian  military  map,  and  the  one  by  which 
it  may  best  be  called  here,  though  my  guide  called  it  Monte  Calcarella.  But  this 
last  name  is  given  on  all  the  maps  to  the  southern  rim  of  the  crater  just  described. 
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the  tiiflf  by  the  impact  of  the  falling  block.  The  northern  slopes  of 
Monte  Levante  are  covered  by  the  scoriae  of  Monte  Vulcano,  which 
adjoins  it  on  the  northwest. 

Monte  Biancarella,  which  lies  close  to  the  north  coast  and  immedi- 
ately west  of  Monte  Rosso,  is  a  low,  regular  dome  of  yellow  tnflF,  its 
simmiit  about  50  meters  above  the  base,  and  the  whole  about  150 
meters  across.  There  is  no  sign  of  a  crater  and  the  thin  bedded  tuffs 
dip  quaquaversally  on  all  sides,  forming  concentric,  curving  sheets, 
with  step-like  interruptions  here  and  there  due  to  erosion.  The 
appearance  is  as  if  horizontal  beds  of  tuff  had  been  gently 
forced  up  by  some  invisible  protrusion  from  below.  Close  to  the 
south  of  this  are  some  of  the  long  foimdation  walls,  constructed  of 
blocks  of  tuff,  which  probably  date  from  Roman  times.  They 
barely  project  above  the  surface.  Excavation  would  be  needed  to 
expose  them  fully  and  would  probably  be  repaid  by  some  archaeo- 
logical discoveries  of  interest,  for  which,  imfortunately,  time  was 
lacking. 

The  last  tuff  cone  to  be  described  is  marked  Monte  Ponente  on 
all  the  maps,  but  seems  to  be  called  Monte  Pozzolana  by  the  inhabi- 
tants. As  it  is  a  composite  cone,  being  composed  both  of  tiiflF  and 
lava,  we  may  conveniently  reserve  the  name  Monte  Pozzolana  for 
the  southern,  tuffaceous  portion,  and  let  Monte  Ponente  denote 
specifically  the  northern,  basaltic  portion,  though  there  is  no  oro- 
graphic distinction  between  them.  This  cone  is  situated  on  the  west 
coast  of  Linosa,  the  sea  having  cut  away  its  west  side  and  exposed  a 
fine  section.  Immediately  at  its  foot  is  the  best  landing-place  of  the 
island,  a  small  cove,  with  rocky  shores  and  a  small  artificial  jetty,  at 
which  only  small  row  boats  can  land,  the  steamer  stopping  about  a 
mile  from  shore.  K  the  wind  is  from  the  north  or  west,  landing  must 
be  effected  at  the  Scala  Vecchia,  a  small  bay  on  the  south  coast,  like- 
wise very  rocky,  and  about  one-third  of  a  kilometer  south  of  the 
village. 

Monte  Pozzolana  consists  of  thin-bedded,  very  friable,  yelloi^ 
tuffs,  which  contain  numerous  very  small  fragments  of  somewhat 
scoriaceous  basalt,  but  few  large  blocks,  such  as  were  noted  at  the 
other  tuff  cones.  Toward  the  top  the  tuff  mingles  with,  and  is  finally 
covered  by,  the  scoriae  of  Monte  Ponente.    In  the  breach  on  the 
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west  side  is  a  vertical  dike  about  70  centimeters  wide,  of  finely  vesicular 
black  basalt,  which  cuts  through  the  yellow  tuflF  beds,  but  not  through 
the  black  scoriae  above.  The  sides  of  this  dike  show  distinct  marks 
of  flow,  and  it  has  not  altered  appreciably  the  yellow  tuffs. 

Of  the  cinder  and  lava  cones,  which  mark  the  second  period  of 
vulcanicity,  the  highest  is  Monte  Vulcano,  immediately  southeast  of 
Monte  Calcarella,  and  on  the  south  coast  of  the  island.  The  summit 
of  this  I  measured  with  an  aneroid  as  199  meters  above  sea-level, 
while  the  Italian  military  map  gives  it  as  195  meters,  and  the  Italian 
hydrographic  map  as  160."  About  14  meters  below  the  summit  of 
this  volcano  is  a  well-preserved,  circular  crater,  about  100  meters  in 
diameter  and  30  meters  deep,  the  steep  walls  composed  of  scoria  and 
blocks  of  lava.  On  the  south  slope  of  the  volcano,  toward  Monte 
Levante,  are  many  vesicular  lava  flows,  interbedded  with  tuffs,  and 
lava  flows  and  cinder  slopes  are  also  seen  on  the  east  side.  On  the 
west  side,  some  80  meters  below  the  summit,  is  an  almost  horizontal 
plateau,  the  upper  surface  of  a  series  of  six  or  eight  lava  flows,  each  a 
meter  or  so  thick,  frequently  with  a  rough  coliunnar  structure,  and 
separated  from  each  other  by  thin  layers  of  scoriaceous  material. 
On  the  upper  edge  of  this  plateau  is  a  natural  pit,  with  an  orifice 
about  two  by  three  meters  across,  and  about  fifteen  meters  deep,  so 
far  as  one  can  see,  from  which  issues  constantly  a  strong  stream 
of  cold  air,  resembling  a  somewhat  similar  orifice  at  the  Kaimeni,  on 
Methana,  in  Greece,  and  the  hujadores  of  Catalonia.  On  the  south 
slope,  below  this  plateau,  are  some  bedded  tuffs  and  a  steep  sciarra  of 
lapilli  which  extends  down  to  the  water's  edge  and  which  closely 
resembles  that  of  Stromboli.  Elsewhere  the  sides  of  the  cone  are 
covered  with  scoriae  and  blocks  of  lava,  with  small  lava  flows  here 
and  there.  As  was  noted  above,  the  products  of  this  volcano  cover 
the  lower  slopes  of  Monte  Calcarella  on  the  northwest  and  of  Monte 
Levante  on  the  southeast,  thus  showing  its  later  date. 

The  next  highest  cone  of  Linosa  is  Monte  Rosso,  in  the  northeast 
comer  of  the  island.  According  to  my  aneroid  this  is  196  meters 
high,  while  the  Italian  maps  give  it  as  186  meters,  and  the  English 
one  as  610  feet  (186°*),  so  that  it  is  only  a  trifle  lower  than  Monte 

«  The  British  Admiralty  chart  gives  the  height  as  525  feet  (129""),  which  is 
certainly  much  too  low,  and  is  possibly  an  error  for  625  feet  (191m), 
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Vulcano.  This  is  a  typical,  breached  cinder  cone,  the  outer  slopes 
well  preserved  on  the  east,  south,  and  west,  but  opened  up  on  the  north 
flank  by  a  long,  narrow,  and  deep  barranca,  which  leads  up  nearly  to 
the  top,  the  upper  part  being  edged  by  a  narrow  arite  of  rough  lava 
on  either  side.  Near  the  summit  is  a  well-defined,  almost  circular 
crater,  some  75  meters  across,  and  whose  floor  is  20  meters  below  the 
highest  point  of  the  rim  on  the  north,  between  it  and  the  head  of  the 
barranca.  Monte  Rosso  is  composed  almost  wholly  of  rough  scoriae 
and  lapilli,  to  whose  general  red  color  the  name  of  the  cone  is  due, 
though  some  blocks  of  compact  lava  are  seen  here  and  there,  and 
flows  from  near  the  base  and  from  the  mouth  of  the  barranca  have 
covered  the  island  to  the  northeast,  north,  and  northwest.  Possibly 
some  of  the  lavas  to  the  south  also  belong  to  this  cone,  but  the  line  of 
demarkation  between  these  and  the  lavas  of  Monte  Vulcano  laid 
down  on  Speciale's  map  could  not  be  made  out  by  me,  the  surface 
being  covered  largely  with  sand  and  soil  and  partly  given  over  to  cul- 
tivation. 

Immediately  to  the  west  of  the  mouth  of  the  northerly  barranca, 
and  east  of  Monte  Biancarella,  is  a  small  parasitic  cone  of  reddish 
scoria,  in  which  were  found  crystal  fragments  of  feldspar  and  of  a 
black  hornblende,  which  is  peculiar  in  containing  8.47  per  cent,  of 
TiOa,  and  which  will  be  described  elsewhere.  The  occurrence  of 
hornblende  here  is  mentioned  by  Speciale.  Similar  crystals  are  said 
to  be  found  at  one  other  spot,  on  the  east  coast  near  I  Faraglioni, 
south  of  the  lighthouse,  but  I  did  not  visit  this  locality. 

The  third  cinder  cone  is  that  of  Monte  Ponentc,  on  the  west  coast, 
which,  as  we  have  seen,  is  in  close  conjunction  with  the  tuflf  cone  of 
Monte  Pozzolana,  joining  this  on  the  north.  At  the  summit,  which 
my  aneroid  made  out  to  be  98  meters  above  sea-level,  (the  Italian 
military  map  giving  107,  and  the  Italian  hydrographic  map  92),  is  a 
small  circular  crater,  with  a  diameter  at  the  bottom  of  about  33 
meters  and  a  depth  of  25  meters.  The  walls  are  precipitous  and  are 
composed  of  scoriae  and  la\'a  blocks. 

This  volcano  has  poured  out  several  large  flows  to  the  north  and 
northeast,  the  place  where  the  uppermost  one  of  these  has  broken 
through  the  underlying  yellow  tufi^  of  Monte  Pozzolana  being  well 
seen  in  part  of  the  section  exposed  by  sea  action  on  the  northwest. 
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About  half-way  up  a  massive  stream  of  black  basalt,  several  meters 
thick,  pierces  the  tuff,  which  it  has  reddened  for  some  distance  around. 
On  the  west  coast,  south  of  Ballata  Piatta  Point  (the  northwest 
comer  of  the  island),  six  superposed  flows  are  visible,  which  var)'  in 
thickness  from  one-half  to  one  meter,  and  are  separated  from  each 
other  by  scoriaceous  bands.  These  flows  of  Monte  Ponente,  the 
surface  of  which  is  very  rough  and  wholly  devoid  of  cultix-ation, 
cover  the  surface  to  the  northwest,  north,  and  northeast  of  the  cone, 
and  extend  into  the  sea,  forming  a  very  jagged  shore  line.  On  this 
lav-a  surface,  to  the  northeast  of  Monte  Ponente  and  to  the  northwest 
of  Monte  Bandiera,  are  large  knolls  and  hummocks  of  rough,  large  lava 
blocks,  rudely  piled  on  one  another.  These  are  apparently  the  remains 
of  fallen-in  lava  caverns,  or  are  possibly  due  to  local  explosions  of 
steam. 

From  the  relations  of  the  two  it  is  clear  that  the  lavas  and  scoriae 
of  Monte  Ponente  were  ejected  from  the  north  flank  of  the  already 
formed  tuff  cone  of  Monte  Pozzolana,  and  that  the  two  are  geo- 
graphically but  a  single  mass,  though  petrographically  quite  distinct. 
So  far  as  can  be  seen,  however,  there  was  only  a  little  shifting  of  the 
vent  northward  when  the  second  period  was  initiated. 

To  the  east  of  Monte  Ponente  is  an  unnamed  cone,  for  which  I 
propose  the  name  of  Monte  Raneri,  after  that  of  my  host.  This  is 
73  meters  high,  and  shows  a  well-defined  elliptical  crater  at  the  summit. 
The  greater  part  of  this  cone  is  scoriaceous,  but  some  lava  flows  are 
visible,  and  there  are  many  blocks  of  a  compact  basalt,  which  differs 
from  the  others  on  the  island  in  the  greater  abundance  and  size  of 
the  olivine  phenocrysts.  Monte  Raneri  is  evidently  older  than 
Monte  Ponente,  as  the  scoriae  of  this  latter  cover  the  northwest  flanks 
of  the  former. 

From  the  characters  and  relations  of  the  tuff  and  of  the  la\*a  and 
cinder  cones,  it  is  quite  clear  that  the  former  belong  to  an  earlier  and 
distinct  period  of  activity.  The  tuff  cones  are  all  lower  than  those 
of  the  other  kind,  and  their  forms  have  suffered  much  more  from 
erosion  and  their  craters  are  not  as  well  preser\'ed,  though  this  is 
probably  due  in  part  to  the  difference  in  the  materials.  Further- 
more, as  we  have  seen,  when  the  two  occur  together  the  tuffs  underlie 
the  scoriae  and  lavas.    Also,  at  Monte  Pozzolana  and  Monte  LcN-ante 
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dikes  and  flows  of  basalt  penetrate  the 
tuffs.  But  it  seems  to  be  equally  clear 
that,  while  the  period  of  formation  of 
the  tuff  cones  antedated  that  of  the  lava 
ones,  yet  that  in  some  cases,  at  least,  the 
closing  phases  of  the  tuff  cones  coincided 
with  the  activity  of  the  lava  and  dnder 
ones,  as  is  shown  by  the  intercalati(Hi 
of  tuffs  and  lavas  on  the  southeast  slope 
of  Monte  Vulcano,  and  the  intermingling 
of  the  tuffs  of  Monte  Pozzolana  and  the 
scoriae  of  Monte  Ponente  in  the  upper 
portions  of  the  mass.  The  usual  pres- 
ence of  blocks  of  lava,  scattered  through 
the  tuffs,  points  to  the  existence  of  lava 
flows  beneath  the  surface  at  .the  time  of 
the  tuff  eruptions,  fragments  of  which 
were  hurled  up  with  the  looser  material. 
It  might  seem  that  the  blocks  in  the  tuff 
of  Monte  Levante  have  been  ejected  from 
the  neighboring  Monte  Vulcano,  as  they 
are  especially  prominent  in  the  upper 
beds.  But  this  supposition  is  negatived 
by  the  fact  that,  while  chemically  similar 
to  the  later  lavas  of  Vulcano,  they  belong 
to  a  different  petrographic  t)rpe,  similar 
to  that  of  the  blocks  in  the  other  tuffs, 
and  quite  distinct  from  the  usual  types  of 
the  later  lavas,  as  will  be  brought  out 
later. 

As  to  the  geological  age  of  these 
eruptions,  the  total  absence  of  sedimen- 
tary and  fossiliferous  rocks  precludes  any 
definite  evidence.  But  the  well-preserved 
state  of  the  cinder  cones,  the  sharpness 
of  outline  of  their  craters  and  of  the 
barranca  at  Monte  Rosso,  and  the  gen- 
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eral  freshness  of  their  lavas  and  scoriae,  point  unmistakably  to 
their  eruption  in  recent  times.  The  lack  of  almost  any  reference  to 
the  island  by  ancient  writers  leaves  us  without  any  documentary 
data,  but  the  presence  of  the  graves  in  the  tuffs  of  Monte  Levante 
and  of  ruins  near  Monte  BiancareUa  and  in  the  north  crater  of 
Monte  Bandiera  proves  that  the  extinction  of  these  tuflf  cones,  at 
least,  antedates  human  occupation.  No  hot  springs  nor  other 
evidences  of  present  vulcanicity  are  found  on  the  island,  and  its  volca- 
noes must  be  regarded  as  extinct. 

To  recapitulate  the  apparent  facts  as  to  the  order  of  erupticm  of 
the  several  cones,  my  observations  show  that  the  tuflf  cones  belong 
to  an  earlier  period  than  those  of  lava,  though  it  is  probable  that  the 
two  periods  overlapped  to  a  slight  extent.  Of  the  former  the  north 
crater  of  Monte  Bandiera  is  almost  certainly  the  oldest  on  the  island, 
followed,  probably  soon  after,  by  the  south  crater,  the  so-called 
n  Fosso.  Monti  Levante;  Pozzolana,  and  BiancareUa  are,  almost 
unquestionably,  later  than  these,  and  it  seems  probable  that  the 
date  of  the  two  former  is  prior  to  that  of  the  last  named,  though  the 
exact  order  is  impossible  to  ascertain.  It  is  more  difficult  to  deter- 
mine the  sequence  of  the  lava  and  cinder  cones,  as  the  relations  of 
their  several  flows  when  adjoiiiing,  are,  except  in  one  instance, 
obscured  by  superficial  sands,  ashes,  and  cultivated  soil.  From  their 
size  it  would  seem  reasonable  to  ascribe  the  eruptions  of  Monti 
;  Rosso  and  Vulcano  to  a  rather  early  period,  while  Monte  Raneri  is 
probably  of  a  later  date,  and  is  certainly  earlier  than  Monte  Ponente, 
>    the  eruption  of  which  may  be  regarded  as  closing  the  era  of  volcanic 

activity. 
^  From  the  submarine  topography  indicated  on  the  map  (Fig.  i), 

I.  it  is  probable  that  submarine  eruptions, 'similar  to  those  of  the  islands 
of  1831  and  1891  near  Pantelleria,  have  taken  place  to  the  north  and 
?.  to  the  southeast  of  Linosa.  It  may  be  noted  that  rock  is  indicated 
i  on  the  chart  as  forming  the  sea-bottom  at  both  these  points,  surrounded 
;,:    by  sands. 

[  In  Fig.  2  is  shown  a  view  of  the  island  from  the  southwest,  based 

I     on  a  sketch  made  by  me  when  leaving  the  island,  as,  unfortunately 

"    I  had  no  camera  with  me  during  my  visit.    While  somewhat  dia- 

granmoatic,  it  yet  shows  the  relative  positions,  shapes,  and  sizes  of 
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the  various  cones,  each  of  which  may  be  easily  identified,  as  well  as 
the  general  appearance  of  the  island. 

PETROGRAPHY  OF  LINOSA 

The  lavas  of  Linosa  are  all  feldspar-basalts  according  to  the 
prevailing  rock  classifications,  though  a  few  contain  very  small 
amounts  of  nephelite,  but  scarcely  sufficient  to  entitle  them  to  the 
name  of  nephelite-basalt  if  account  be  taken  of  the  quantitative 
relations.  According  to  the  quantitative  system  of  classification 
recently  proposed,'  they  are  similarly  monotonous,  all  of  those 
analyzed  and  presumably  all  the  others  collected,  so  far  as  can  be 
judged  from  the  microscopic  examination,  falling  in  the  subrangs 
camptonose  (III.  5.  3.  4)  and  auvcrgnose  (III.  5.  4.  4-5).  Miner- 
alogically  they  are  very  uniform  and  simple,  the  only  constituent 
minerals  being  plagioclasc,  augite,  olivine,  and  titaniferous  magnetite, 
with  occasionally  some  glass  and  traces  of  ncphcUte  in  a  few  instances. 
In  the  basalts  themselves  neither  hornblende  nor  biotite  could  be 
detected,  though  crystals  of  hornblende  occur  loose  in  scoria  at  one 
or  two  points,  as  was  noted  above.  The  tuflfs  have  apparently  been 
derived  from  basaltic  magmas,  and  will  be  briefly  described  after  the 
basalts. 

While  the  basalts  vary  from  quite  compact  to  highly  vesicular  and 
scoriaceous  forms,  such  differences  may  be  disregarded  as  being 
purely  adventitious.  They  are  all  porphyritic,  phenocrysts  of  olivine 
and  of  augite  being  present  in  every  case,  accompanied  by  abundant 
ones  of  feldspar  in  many  of  the  flows,  while  in  others  feldspar  pheno- 
crysts are  rare.  But  in  the  great  majority  of  cases  these  megascopic 
differences  largely  disappear  in  the  thin  section,  and  even  megascopi- 
cally  the  extremes  grade  into  one  another  to  such  an  extent,  and  are 
connected  by  so  many  transition  forms,  that,  as  regards  the  majority 
of  the  rocks,  a  well-marked  separation  of  the  two  is  impossible,  while 
the  extremes  may  be  referred  to  two  distinct  types,  chiefly  characterized 
by  the  abundant  presence  or  almost  complete  absence  of  feldspar 
phenocrysts,  as  well  as  by  certain  slight  chemical  differences.  A  third 
Xy^  is  more  distinct,  but  even  this  would  probably  be  found  to  inter- 
grade  with  the  others,  were  more  specimens  available. 

«  Cross,  Iddings,  Pirsson,  and  Washington,  Quantitative  Classification  of  Igneous 
Rocks ,  Chicago,  1903. 
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As  has  been  explained  elsewhere,'  in  connection  with  the  Catalan 
basalts,  since  the  modes  and  textures  of  these  basalts  are  usual  ones, 
represented  by  much  better-  and  longer-known  rocks,  the  types  will 
not  be  designated  systematically  and  definitively  by  the  use  of  typal 
adjectives,  but  will  be  distinguished  provisionally  by  prefixing  to  the 
magmatic  name  the  name  of  a  representative  locality  on  the  island. 

CAMPTONOSE-AUVERGNOSE   (FELDSPAR- BASALT) , 
MONTE  PONENTE  TYPE 

Megascopic  characters. — In  the  hand  specimen  these  rocks  vary 
in  color  from  a  rather  dark  gray  to  black,  and  are  sometimes  compact 
but  more  often  decidedly  vesicular,  highly  scoriaceous  forms  being 
abundant.  They  are  decidedly  porphyritic,  thin,  tabular  pheno- 
crysts  of  white  feldspar,  from  2  to  4°*°*  long,  being  abundant,  with 
fewer  of  olivine,  i  to  3°*°*  in  diameter,  usually  pale  yellow,  but 
occasionally  golden  or  rarely  greenish,  and  still  fewer  of  dark,  greenish- 
black  augite. 

Microscopic  characters, — In  thin  section  the  feldspar  phenocrysts 
are  seen  to  be  wholly  of  labradorite,  almost  invariably  twinned  both 
according  to  the  Carlsbad  and  the  albite  laws,  the  extinctions  indi- 
cating a  composition  of  about  Ab,  An,.  A  zonal  structure  is  rarely 
seen,  the  core  being  then  more  calcic,  but  the  interior  is  not  infre- 
quenfly  occupied  by  a  sponge-like  mass  of  inclusions,  either  of  brownish 
glass  or  of  augite  and  magnetite  grains.  The  augite  phenocr>'sts 
are  rarely  visible  and  present  no  features  of  special  note.  They  are 
usually  fragmentary  or  stoutly  prismoidal,  quite  colorless,  or  less 
often  pale  gray,  quite  free  from  any  zonal  structure,  and  containing 
generally  some  inclusions  of  magnetite.  The  olivine  phenocrysts, 
which  are  more  abimdant  than  those  of  augite,  are  colorless,  usually 
highly  euhedral,  showing  the  common  lozenge-shaped  outlines,  but 
occasionally  with  the  edges  corroded,  especially  on  the  faces  of  the 
domes  and  prisms.  In  most  of  the  specimens  the  olivine  phenocrysts 
are  perfectly  fresh,  borders  of  iddingsite  being  extremely  rare. 

The  ground-mass  in  which  these  lie  is  usually  a  typically  intersertal 
one,  thin  tables  of  plagioclase,  which  has  the  same  composition  as 
that  of  the  phenocrysts  (Ab,  An,),  being  quite  abundant  and  usually 

«  H.  S.  Washington,  American  Journal  of  Science^  Vol.  XXIV,  1907,  p.  229. 
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divergently  arranged.  Between  these  feldspar  laths  is  a  granular 
aggregate  of  small,  colorless  augite  anhedra,  which  are  generally 
equant  rather  than  prismoidal,  and  many  opaque  grains  of  magnetite, 
small  grains  of  olivine  and  apatite  prisms  being  rarely  seen  in  the 
groimd-mass.  While  some  of  the  specimens  seem  to  be  holocrystal- 
line,  others  are  distinctly  vitreous,  and  in  these  the  femic  constituents 
are  not  well  crystallized,  but  are  represented  by  dusty,  dark  specks, 
which  render  the  groimd-mass  almost  opaque.  This  is  especially 
well  seen  in  the  rock  which  forms  the  dike  at  Monte  Pozzolana.  In 
this  type  nephelite  seems  to  be  rare  or  wholly  wanting. 

Made. — The  small  size  of  the  ground-mass  constituents,  especially 
of  the  augite  and  magnetite  anhedra,  and  the  great  extent  of  over- 
lapping, do  not  permit  a  satisfactory  estimate  of  the  mode  by  Rosi- 
waPs  method.  But  by  making  certain  readjustments  of  the  norm 
as  calculated  from  the  chemical  analysis,  the  mode  of  the  upper  north 
flow  of  Monte  Ponente  was  estimated  to  be  approximately  as  follows: 

Labradorite  (AbjAn,) 57 

Augite 26 

Olivine 6 

Magnetite  (titaniferous) 10 

Apatite i 

100 
The  abundance  of  labradorite,  and  the  relatively  much  greater 
amoimt  of  augite  than  of  olivine,  are  the  distinguishing  features  of 
this  mode. 

Chemical  composition. — Two  analyses  of  this  type  were  made  by 
me,  one  being  of  the  uppermost,  and  the  other  of  the  lowest  accessible, 
north  flow  of  Monte  Ponente.  Parts  of  this  latter  flow  showed  a 
white  mineral  (gypsum)  in  the  vesicles,  but  a  specimen  free  from  this 
was  chosen  for  analysis.  The  gypsum  itself  will  be  described  later. 
In  this,  as  well  as  in  the  other  analyses  made  of  the  basalts,  especial 
attention  was  paid  to  the  determination  of  titanium  and  nickel,  the 
presence  of  which  is  so  often  disregarded,  as  these  constituents  have 
been  found  to  be  of  considerable  importance  in  considering  the  corre- 
lations of  the  Linosa  rocks.  Analysis  No.  II  has  been  previously 
pubUshed,^  but  in  a  less  complete  form. 

«  H.  S.  Washington,  Quarterly  Journal  of  the  Geological  Society,  Vol.  LXIII, 
1907*  P-  75- 
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L  Auvergnose-camptonose  (feldspar-basalt).  Upper  north  flow  of  Monte  Ponente, 
osa. 

II.  Auvergnose  (feldspar-basalt).    Lower  north  flow  of  Monte  Ponente,  Linosa. 
la.  Molecular  ratios  of  L 
IIo.  Molecular  ratios  of  n. 

The  two  analyses  are  very  closely  alike,  there  being  no  noteworthy 
lifference  between  the  uppermost  and  the  lowermost  flow.  The 
imall  amounts  of  chlorine  shown  in  these  were  extracted  by  water, 
Lnd  belong  (with  equivalent  amounts  of  sodium)  to  salt  derived  from 
he  sea-water,  the  waves  of  which  break  over  the  lavas.  In  the 
x>lunms  of  molecular  ratios  these  amounts  of  NaaO  (0.002  in  I  and 
>.oo6  in  n)  have  been  deducted.  The  small  amount  of  SO3  in  II 
ndicates  the  practically  complete  absence  of  gypsum  in  the  specimen 
inalyzed.  Among  details  to  which  attention  may  be  called  are  the 
preat  preponderance  of  ferrous  over  ferric  oxide,  and  the  high  figures 
or  titanium  dioxide  and  nickel  oxide,  features  which  will  be  dis- 
missed at  length  on  a  later  page.  The  absence  of  copper,  zirconium, 
iromium,  and  barium,  and  the  presence  of  but  traces  of  strontium, 
nay  also  be  noted. 
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Classificalian. — ^The  norms  of  the  preceding  anal)rses,  on  which 
their  classification  according  to  the  quantitative  system  depends,  are 
shown  in  the  adjoining  table. 

Norm  of  I  Ratios  of  I 

Or 5.00  Sal     58.17 

Ab 26.20  F^"ir^"'-4'-    Class  in,  salfemane. 

An 26.97        F       58  i^ 

Di 13.63  q7l*""S ^*-    Order  5,  gallare. 

^J '°  30      K^O+Na^O    59        .       o 

01 5.31      — pTTv — *;:i'"0<5i.    Rang  3,  camptonase. 

Mt 4.87   ^^^"^  ■  '' 

II ^ •  23      j^'q  — --  — o .  18.    Subrang 4,  camptonose. 

Rest o .  75      Symbol,  in.  5.  4-3-  4- 

100.26 

Nonn  of  II  Ratios  of  II 

?: l'^     ^-^^-1.20.    Class  in,  salfemane. 

Or 5.56      Fem    44-79 

Ab 20.44      F     52.13      ^ 

An 26.13      q"T:^"36-20.    Order  5,  gaUare. 

E^ '^-^     K.04-Na,0    49 

Hy 20.03      CaO^ g^^^-^^'    Ra°g  4,  auvergnase. 

Mt 3.02 

H 6 . 84         *     «—  -o .  26.    Subrang  4-5,  auvergnose. 

Ap i.oo      ^^^    ^ 

Rest 1. 19      Symbol,  III.  5.  4.  4-5- 

99-55 
It  is  evident  that  both  fall  well  within  the  salfemane  class  and  the 
perfelic  order  gallare,  though  a  very  small  amount  of  quartz  is  present 
in  the  norm  of  II.  As  regards  the  rang,  which  is  based  on  the  rela- 
tions of  the  alkalies  to  saUc  lime,  I  falls  in  the  alkalicaldc  division, 
camptonase,  but  so  close  to  the  border  of  the  docaldc  order  auverg- 
nase  that  it  must  be  considered  transitional.  II  falls  within  the  docal- 
dc order  auvergnase,  but  it  may  be  noted  that  this  position  is  due  to 
abstraction  of  the  soda  to  satisfy  the  chlorine,  present  as  sodium 
ide  derived  from  sea-water,  and  that,  were  this  not  determined, 
rock  would  fall  also  in  the  alkalicaldc  order  camptonase,  where 
was  placed  when  this  analysis  was  published  previously.  This 
lock  must  therefore  also  be  regarded  as  transitional.  The  subrang 
in  every  case,  distinctly  sodic,  so  that  I  is  to  be  called  auvergnose- 
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camptoaose,  and  II  camptonose-auvergnose.  Collectively,  therefore, 
these  rocks  may  be  considered  to  belong  to  the  transitional  divi- 
sion camptonose-auvergnose,  as  they  apparently  tend  to  be 
docaldc. 

Relations  of  norm  and  mode. — In  these  rocks  the  relations  of  norm 
and  mode  are  quite  simple  and  the  readjustments  needed  to  compute 
the  latter  from  the  former  are  confined  almost  wholly  to  those  neces- 
sary to  form  the  modal  augite.  As  this  mineral  has  not  yet  been 
analyzed,  it  is  needless  to  go  into  any  great  detail,  but  it  may  be 
pointed  out  that  these  readjustments  would,  on  the  analogy  of  many 
other  similar  cases  which  have  been  worked  out,  consist  in  the  transfer 
of  a  little  of  the  normative  anorthite,  magnetite,  and  ilmenite,  com- 
bined with  the  whole  of  the  normative  diopside,  to  the  more  complex 
modal  augite  molecule.  The  normative  orthoclase,  but  litde  of  which 
is  present,  must  be  considered  as  entering  the  modal  plagiodase,  though 
a  small  part  of  it  may  be  present  in  the  base  of  the  ground-mass. .  As 
the  augite  is  not  markedly  titaniferous,  and  the  olivine  presumably 
not  more  so,  and  as  no  titaniimi  minerals,  as  perofskite,  titanite,  or 
ilmenite,  are  present,  the  very  considerable  amount  of  normative  ilmen- 
ite (except  that  which  enters  the  augite)  must  be  held  in  the  opaque 
ore  grains,  which,  therefore,  are  to  be  considered  as  titaniferous 
magnetite. 

But  all  of  these  readjustments  are  of  comparatively  small  magni- 
tude, even  those  needed  for  the  formation  of  augite,  which  are  more- 
over the  normal  ones,  or  those  necessary  in  the  case  of  the  vast  majority 
of  igneous  rocks,  in  which  the  pyroxene  is  aluminous.  The  modes 
are,  therefore,  normative  and,  in  view  of  the  abundance  of  feldspar 
phenocrysts,  the  Monte  Ponente  type  may  be  briefly  described  as 
salphyro-camptonose-auvergnose,  which  indicates  very  concisely  a 
basalt  of  about  the  chemical  composition  shown  by  the  analyses, 
showing  the  mode  in  general  described  above,  and  with  prominent 
feldspar  phenocrysts. 

The  presence  of  a  slight  amount  of  quartz  in  the  norm  of  II  may 
seem  to  be  inconsistent  with  the  presence  of  oUvine  in  the  mode.  But 
this  is  by  no  means  uncommon,  and  instances  of  basalts  containing 
olivine  in  the  mode,  while  the  norm  shows  none  and  even  some  quartz, 
are  met  with  quite  frequently,  as  along  the  Pacific  slope  of  the  United 
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States/  and  in  the  fiescolal  dminose  (dminite)  near  Viterbo,  whidi 
has  been  discussed  elsewhere.'  In  sudi  cases  the  analysis  leaves  no 
doubt  that  there  is  an  excess  of  silica  which,  owing  to  the  modal  pres- 
ence of  olivine,  must  be  increased  in  the  mode  over  that  shown  by  the 
norm,  and  is  to  be  looked  for  either  in  the  residual  base  of  the  ground- 
mass  or,  as  in  the  quartz-basalts,  is  present  as  dearly  recognizable 
quartz. 

Occurrence. — Basalts  of  this  type  are  espedally  well  represented 
at  Monte  Ponente,  composing  the  extensive  northern  flows  of  this 
cone  as  well  as  the  dike  which  cuts  the  tuff  of  Monte  Pozzolana. 
Other  representatives  of  the  type  are  met  with  in  many  of  the  flows  of 
Monte  Vulcano,  some  of  those  of  Monte  Rosso  and  Monte  Raneri, 
and  in  the  basalts  about  the  Scala  Vecchia,  which  are  probably  derived 
from  Monte  Vulcano. 

Gypsum  in  vesicles. — In  parts  of  one  of  the  lower  flows  of  Monte 
Ponente,  as  noted  above,  the  vesicles  of  the  lava  contain  a  white, 
crystalline  substance,  which  was  supposed  to  be  a  zeolite,  in  the  field. 
Examination  in  the  laboratory,  however,  shows  that  it  is  gypsimi, 
and  as  such  an  occurrence  is  imusual  for  this  mineral  it  merits  a  brief 
description. 

The  mineral  forms  thin  crusts,  which  are  distinctly  crystalline, 
though  no  definite  crystal  forms  are  to  be  seen.  It  is  soft  (H  =  about 
2),  and  slight  crushing  develops  poorly  defined  cleavage  flakes.  Under 
the  microscope  these  show  rather  low  refraction  and  double  refrac- 
tion, which  were  not  determined  quantitatively.  Two  other  deavages 
are  prominent  (one  better  developed  than  the  other),  crossing  at  about 
114®,  that  of  the  two  minor  cleavages  of  gypsum.  The  acute  bisec- 
trix lies  in  the  acute  angle  of  the  cleavage  rhomb,  making  angles  with 
the  deavage  trace  parallel  to  loi  varying  from  12®  30'  to  14®,  the 
corresponding  angle  for  gypsum  being  13°  39'.  An  analysis  (on 
o.  2122*°^)  gave  the  following  results,  the  calculated  values  for  gypsum 
being  given  for  comparison: 

« See,  for  instance,  Professional  Paper,  U.  S.  Geological  Survey,  No.  14,  1903, 
p.  289,  hessose,  Nos.  18,  23,  29,  and  p.  333,  auvergnose.  No.  32.  Many  other  cases 
could  be  cited  from  this  collection. 

>  H.  S.  Washington,  The  Roman  Comagmatic  Region,  Carnegie  Publication 
No.  57,  1906,  p.  64 
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Found 

Calculated 

CaO 

32.04 

46.61 

20.70 

0.48 

trace 

32.56 
46.51 
20.93 

SO3 

H,0 

SiO, 

FcjOj 

99.83 

100.00 

The  occurrence  of  gypsum  in  vesicles  of  basalts  is  not  mentioned 
in  the  standard  works  of  Zirkel,  Rosenbusch,  Roth,  Iddings,  and 
Levy  and  LacroiXi  but  its  presence  has  been  recorded  in  the  vesicular 
lavas  and  the  fumarole  products  of  Vesuvius'  and  Etna,^  and  it  is  also 
mentioned  as  present  in  the  boiling  water  of  the  crater  lake  of  Graham's 
Island  ;3  though,  on  the  other  hand,  no  mention  is  made  of  its  presence 
at  some  other  volcanoes,  as  Santorini  and  those  of  the  Hawaiian 
Islands.  It  may  also  be  mentioned  that  I  did  not  find  it  in  the  very 
similar  lavas  of  the  Catalan  volcanoes,  nor  is  it  recorded  by  Femandez- 
Navarro  in  his  very  complete  description  of  these  lavas.-*  It  also 
seems  to  be  absent  from  the  basalts  of  Pantelleria,  not  being  mentioned 
by  Foerstner,*  nor  having  been  observed  by  me. 

CAMPTONOSE   (FELDSPAR-BASALT),  IL  FOSSO  TYPE 

Megascopic  characters. — In  general  these  lavas  are  rather  Ughter 
in  color  than  those  of  the  preceding  type,  being  mostly  Ught  to  rather 
dark  gray,  decidedly  black  lava  being  rare.  They  are  also  more  apt 
to  be  compact,  and  highly  vesicular  forms  are  less  often  met  with. 
While  they  are  porphyritic,  phenocrysts  are  less  abundant,  this  being 
especially  noticeable  in  those  of  feldspar,  which  are  very  few,  somewhat 
tabular,  but  furnishing  rounded  outlines  in  the  hand  specimen,  and 
are  usually  rather  large,  up  to  10°*™  long  and  5°*™  wide,  though  very 
small  and  inconspicuous  ones  are  also  present.    The  phenocrysts  of 

« J.  Roth,  Der  Vesuu,  Berlin,  1857,  P-  369;  and  J.  L.  Lobley,  MoutU  Vesuvius^ 
London,  1889,  p.  287. 

*  Sartorius  von  Waltershansen,  Der  Aetna,  Leipzig,  1880,  Vol.  II,  p.  525. 

9  H.  Abich,  Vulkanische  Erscheinungen,  Braunschweig,  184 1,  p.  75. 

4Cf.  "Formaciones  volcanicas  de  la  Provincia  de  Gerona,"  Mem.  Soc.  Espan, 
Hia.  Nat.,  VoL  IV,  1907,  pp.  437-43- 

s  E.  Foerstner,  BoU.  Com,  GeoL  Ital.,  1881,  p.  533. 
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olivine  and  of  augite  resemble  those  of  the  other  type,  both  as  to 
their  characters  and  their  amounts,  and  do  not  call  for  special 
mention. 

Microscopic  characters. — The  general  features  shown  in  the  thin 
section  are  much  like  those  previously  described,  though  there  are 
some  well-marked  diflFerenccs  in  the  most  representative  specimens  of 
this  tjrpe.  The  very  rarely  seen  feldspar  phenocrysts  are  of  a  lab- 
radorite,  highly  twinned,  of  about  the  composition  AbxAn,,  as  in 
the  previous  case,  and  similarly  no  constant  diflFerence  of  any  impor- 
tance can  be  detected  in  the  characters  of  the  phenocrysts  of  augite 
and  olivine,  though  those  of  the  latter  are  more  abimdant  than  in  the 
Monte  Ponente  type. 

The  ground-mass,  on  the  other  hand,  offers  more  points  of  differ- 
ence. Small  tabular,  highly  euhedral  crystals  of  labradorite  are 
abundant,  but  they  are  usually  shorter  and  stouter  than  in  the  other 
rocks,  and  the  arrangement,  instead  of  being  diverse,  is  typically  sub- 
parallel,  giving  rise  to  well-marked  flow  textures,  which  are  especially 
clearly  developed  in  the  blocks  from  the  tuffs.  Olivine  is  rarely  seen 
in  the  ground-mass,  and  the  anhedra  of  audte  and  magnetite  are 
closely  like  those  described  above.  The  abundance  of  dark,  dusty 
grains  is  seen  only  in  one  or  two  cases,  and  these  transitional  toward 
the  preceding  tjrpe,  but  the  interstitial,  colorless  base  is  here  less  apt 
to  be  isotropic  and  often  shows  a  faint  birefringence,  indicating  the 
presence  of  the  nephelite  shown  in  the  norm.  Its  amoimt,  however, 
is  never  very  great. 

Mode. — Owing  to  the  impossibility  of  a  satisfactory  application  of 
the  Rosiwal  method,  the  mode  of  the  specimen  analyzed  was  estimated 
by  readjustment  from  the  norm,  and  is  approximately  as  in  I  below, 
that  of  the  other  type  being  repeated  in  II  for  comparison. 


Labradorite  (AbiAn,). .  . 

Nephelite 

Augite 

Olivine 

Magnetite  (titaniferous) . 
Apatite 


50 

5 
ao 

14 

10 

I 


57 
o 

26 
6 

10 
I 
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It  will  be  seen  that  the  relative  amounts  of  salic  and  of  alferric  and 
femic  minerals  is  about  the  same  in  the  two,  so  that  the  ground-mass 
of  the  Fosso  type  must  be  more  highly  fddspathic  than  that  of  the 
Ponente  type,  much  of  the  feldspar  of  which  exists  as  phenocrysts, 
and  this  fact  will  account  for  the  usually  lighter  color  of  the  present 
rock.  The  amount  of  nephelite  is  small,  and  those  of  augite,  magne- 
tite, and  apatite  scarcely  differ  in  both  rocks,  while  olivine  is  dis- 
tinctly higher  in  that  from  II  Fosso. 

Chemical  composition. — ^This  was  determined  by  the  analysis  of  a 
specimen  from  a  block  in  the  tuffs  of  H  Fosso,  the  results  of  which 
are  ^ven  below,  along  with  the  molecular  ratios. 


SiO,. . 
Al,03. 
FcO,. 
FeO... 
MgO.. 
CaO. . 
Na,0. 
KaO.. 
H,0  + 
H,0- 
CO,.. 
TiO,. . 

p,o,.. 

MnO.. 
NiO.. 


46.55 

0.776 

14.55 

0.143 

3.17 

0.020 

7.88 

O.IIO 

8.61 

0.215 

8-75 

0.156 

3-71 

0.060 

1. 6a 

0.017 

0.14 

0.03 

none 

384 

0.048 

0.55 

0.004 

O.IO 

O.OOI 

0.12 

O.OOI 

99.62 


Camptonose  (feldspar-basalt).     Block  in  tuflF,  II  Fosso,  Linosa. 

The  general  features  of  this  analysis  are  closely  like  those  of  the 
two  Monte  Ponente  rocks,  even  in  the  small  details  of  titanium,  man- 
ganese, and  nickel.  It  may  be  noted,  however,  that  this  rock  is  very 
distinctly  lower  in  silica  and  higher  in  alkalies,  especially  potash^ 
while  magnesia  is  a  trifle  higher  and  Ume  slightly  lower,  the  other 
constituents  remaining  about  the  same. 

Occurrence. — The  most  representative  specimens  of  this  type  were 
met  with  as  angular,  compact  blocks  in  the  tuffs  of  Monte  Levante,  II 
Fosso,  and  the  north  crater  of  Monte  Bandiera,  while  other  specimens, 
decidedly  transitional  toward  the  preceding  type,  occur  as  flows  at 
Monte  Vulcano  and  in  the  blocks  of  lava,  apparently  derived  from 
Monte  Ponente,  which  have  been  excavated  at  the  Scala  Nuova  for 
use  in  building  the  jetty. 
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Cl<issification. — ^The  norm  of  this  rock,  calculated  from  the  figure 
shown  in  the  analysis,  is  as  follows: 

Nonn  Ratios 

Or 0.4«i         Sal       ^K.K2 

Ab 2III      FiS-g4-'-^7.    Class  ni,salfemane. 

An 18.35      F     51.12 

Ne 4.40     l'"T4^""*^^'    ^"^^^  5,  gallare. 

^1 '7.^5  K,0+Na,0    77 

01 13.53  CaO "66"*-'7*    Rang 3,  camptonasc. 

Mt 4.64  ^^ 

II 7-30  N^T^^fiio*"®*^^'    Subrang  4,  camptonose. 

Rest 0.39      Symbol,  in.  5.  3.  4. 

99-77 

This  rock,  therefore,  falls  well  within  the  salfemane  dass,  the 
amoimt  of  nephelite  being  negligible,  and  it  is  also  clearly  in  the  per- 
felic  order,  the  alkalicaldc  rang,  and  the  dosodic  subrang,  and  is  thus 
an  almost  central  camptonose. 

The  relations  of  the  norm  and  mode,  which  are  almost  identical 
with  those  discussed  above,  need  not  be  repeated  here.  The  mode 
may  be  considered  as  normative,  and  the  type  may  be  briefly  described 
as  an  alferfemphyro-camptonose. 

CAMPTONOSE  (OLIVINE-BASALT),  MONTE  RANERI  TYPE 

Megascopic  characters, — This  type  differs  from  the  preceding  in 
the  abundance  and  size  of  the  olivine  phenocrysts,  which  are  olive- 
green  in  color,  from  2  to  10°*™  in  diameter,  and  constitute  at  least  2c 
per  cent,  of  the  rock.  Feldspar  phenocrysts  are  tabular,  as  in  the 
salphyric  subtype  just  described,  but  their  number  is  very  few,  and 
they  are  small  and  inconspicuous,  as  are  also  the  phenocrysts  of  augite. 
Most  of  the  specimens  of  this  type  which  were  collected  are  compact, 
but  scoriaceous  and  vesicular  forms  also  occiu:.  On  weathering, 
the  compact  forms  show  a  feature  which  was  also  noted  in  some  of 
the  Catalan  basalts,  namely  a  peculiar  mottled  appearance  in  patches 
of  dark  and  light  gray,  or  dark  gray  and  slightly  reddish  gray,  the 
rock  tending  also  to  disintegrate  into  small,  angular  pieces  which 
correspond  to  these  colored  areas.  This  appearance,  which  has 
been  called  Sonnenbrand  by  German  quarrymen,  is  not  uncommon 
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in  some  basalts,  especially  in  those  which  contain  nephelite,  and  has 
been  attributed  by  Leppla'  to  the  presence  of  this  mineral. 

Microscopic  characters. — In  thin  section  the  same  minerals  are 
seen  to  be  present  as  in  the  preceding  type  but,  corresponding  to  the 
megascopic  characters,  olivine  phenocry^ts  are  much  more  numerous. 
These  are  seldom  euhedral,  but  usually  present  roimded  outlines, 
which  are  frequently  irregular,  though  embayments,  such  as  are  often 
ascribed  to  corrosion  by  the  magma,  are  rare.  The  olivine  pheno- 
crysts  carry  some  small  inclusions  of  magnetite,  and  are  occasionally 
slightly  brown  on  the  edges  through  incipient  alteration.  The  few 
feldspar  phenocrysts  are  of  labradorite,  about  AbjAn,,  thick  tabular 
in  shape,  and  frequently  spongy  in  the  interior  through  the  presence 
of  many  inclusions  of  glass,  augite,  and  magnetite.  No  augite  pheno- 
crysts were  seen  in  the  sections  examined. 

The  ground-mass  is  somewhat  coarser  than  in  the  preceding  type, 
and  the  abundant,  highly  euhedral,  labradorite  tables  are  shorter  and 
stouter,  and  an  intersertal  arrangement  is  not  so  pronoimced.  Small 
anhedra  of  colorless  or  yellowish  augite  and  of  magnetite  are  abundant, 
while  small  anhedra  of  colorless  olivine  are  present  in  the  groimd-mass 
to  a  greater  extent  than  in  the  preceding  type,  though  they  must  be 
considered  as  but  accessory  ground-mass  constituents.  A  glass  base 
seems  to  be  present  occasionally,  but  its  amount  is  very  small. 

Mode. — ^While  no  satisfactory  estimate  of  the  mode  by  RosiwaPs 
method  was  possible,  the  relative  amounts  of  the  various  minerals 
present  was  readily  estimated  by  some  simple  readjustments  of  the 
figures  shown  by  the  norm,  which  are  given  on  a  later  page.  The 
mode  is  approximately  as  follows: 

Labradorite  (Ab,An,) 47 

Augite II 

Olivine 28 

Magnetite  (titaniferous) 10 

Apatite i 

Glass  and  nephelite 3 

100 
As  compared  with  the  modes  of  the  preceding  types  it  is  clear 
that  the  most  marked  difference  lies  in  the  amounts  of  augite  and 

I  A.  Leppla,  ZeUschrift  der  ^akiischen  Geologies  Vol  IX,  1901,  p.  175. 


26 


HENRY  S.  WASHINGTON 


olivine,  the  proportions  of  these  being  reversed.  In  the  Monte  Raneri 
type,  also,  the  amount  of  labradorite  is  somewhat  less  than  in  the 
preceding  rocks,  while  the  ores  and  apatite  remain  about  the 
same. 

Chemical  composition, — The  results  of  an  analysis  made  of  the 
freshest  specimen  from  Monte  Raneri  are  here  given.    As  compared 


Camptonose  (olivine-basalt).    Monte  Raneri,  linosa. 

with  those  of  the  preceding  types  the  silica  is  decidedly  lower  than 
the  lavas  of  Monte  Ponente,  but  only  sUghtly  lower  than  the  block 
from  n  Fosso.  Alimiina,  the  oxides  of  iron,  the  alkalies,  titaniimi, 
phosphorus,  and  manganese  are  almost  the  same;  but  lime  is  consider- 
ably lower,  and  magnesia,  on  the  other  hand,  very  much  higher,  these 
last  features  being  in  accord  with  the  great  abundance  of  olivine  in 
this  type  and  its  comparative  paucity  in  augite.  Nickel  also  seems  to 
be  present  in  somewhat  greater  amount,  and  this  is  to  be  expected  on 
account  of  the  high  content  in  magnesia,  though  the  small  figures  are 
not  very  significaQt.  Only  a  mere  trace  of  chromium  is  present,  and 
none  of  this  was  detected  in  the  other  rocks  analyzed. 

Occurrence. — ^Typical  examples  of  this  rock  were  found  only  at 
Monte  Raneri,  where  they  seem  to  be  the  prevailing  type,  but  a  very 
similar  lava  was  met  with  as  blocks  at  Monte  Rosso,  in  which,  how- 
ever, the  olivine  phenocrysts,  while  prominent,  are  fewer  and  smaller 
than  in  the  Monte  Raneri  rock. 
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Classification. — ^The  norm  and  ratios  of  the  specimen  analyzed  are 
as  follows: 

Nonn  Ratios 

Or 6.67       Sal     51.80  ^,       „^      ,, 

Au  r — '""5~r  "•I07-    Class  III,  salfemane. 

Ab 22.01      Fern    48.54  '  ' 

An 20.85      F     ^53 

Ne 2.27     L*7l7 '"^'•^''    Order  5,  gaUare. 

^1 l'^^      K,04-Na,0    62        ,       ^ 

01 28.17      — p^Ty — -—-0.83.    Rang  3,  camptonase. 

Mt 4.64      ^^^"^^        " 

II 5-47      j^*^  — —  —0.24.    Subrang  4,  camptonose. 

Rest 0.40     Symbol.  TIT.  5.  3.  4. 

100.74 

From  the  figures  given  it  appears  that  this  type  falls  well  within 
all  the  magmatic  divisions,  and  that  it  is  a  typical  camptonose.  The 
dassificatory  influence  of  the  very  high  magnesia,  in  which  respect 
it  differs  most  widely  from  the  other  rocks  analyzed,  would  be  ex- 
pressed in  the  minor  divisions  of  the  system,  especially  in  the  section 
of  grad,  which  is  based  on  the  relations  of  olivine  to  pyroxene.  But 
in  the  present  introductory  stage  of  the  new  system  it  is  not  deemed 
advisable  to  carry  the  classification  as  far  as  these  minor  divisions 
for  ordinary  purposes,  since  the  main  features  of  a  rock  may  be  quite 
clearly  expressed  by  the  use  of  the  major  magmatic  divisions  alone 
(from  class  to  subrang  inclusive),  together  with  a  typal  qualifier  or 
adjectival  prefixes,  to  indicate  the  mode  and  texture. 

So  far  as  the  relations  of  norm  and  mode  are  concerned,  the  read- 
justments needed  to  derive  the  mode  from  the  norm  are  of  slight 
importance,  being  confined  chiefly  to  the  augite,  the  amoimt  of  which 
is  small,  as  we  have  seen  above.  The  mode  may  therefore  be  con- 
sidered as  normative,  and  the  rock  may  be  described  as  an  oUvine- 
phyro-camptonose,  which  designates  very  concisely  its  mode,  texture, 
and  chemical  composition.  In  the  prevaiUng  systems  of  classifica- 
tion it  is  an  olivine-feldspar-basalt,  but  the  use  of  a  special  name 
would  be  needed  if  it  were  desired  to  indicate  the  size  and  abund- 
ance of  olivine  phenocrysts,  in  which  respects  it  differs  from  many 
others. 
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THE  TUFFS 


While  volcanic  tuffs,  as  a  rule,  offer  few  features  of  interest,  yet 
as  those  of  Linosa  are  so  abundant  and  play  such  a  conspicuous  rdle 
in  the  formation  of  the  cones  of  the  earlier  period,  they  may  be 
described  briefly. 

These  tuffs  vary  in  color  from  dark,  rather  greenish,  gray  to  a  light 
brownish  yellow.  In  some  cases  only  one  of  these  is  present,  as  yel- 
low tuffs  at  Monte  Pozzolana  and  Monte  Biancarella,  or  dark  gray 
at  the  main  ridge  of  Monte  Bandiera;  while  elsewhere  both  varieties 
are  met  with,  as  at  the  two  craters  east  of  Monte  Bandiera  and  at 
Monte  Levante.  As  will  be  seen  later,  the  differences  between  the 
two  are  probably  to  be  ascribed  only  to  differences  in  the  progress  of 
alteration. 

The  dark-gray  tuffs  are  very  fine  grained  and  friable,  readily 
rubbing  down  to  an  impalpable  powder,  at  least  in  great  part.  Aside 
from  the  large  blocks  of  lava  which  are  embedded  in  them,  they  con- 
tain very  small  fragments  of  black  basalt,  seldom  larger  than  a  pea 
and  running  down  to  very  small  angular  grains.  A  bedded  structure 
is  generally  clearly  manifest,  and  is  frequently  emphasized  by  thin 
layers  more  rich  in  the  small  fragments  of  basalt.  Unfortimately, 
no  sections  were  made  of  these,  but  the  powder,  when  viewed  imder 
the  microscope,  shows  fragments  of  colorless  augite  as  the  only  recog- 
nizable mineral,  the  greater  part  of  the  mass  being  a  dust  of  almost 
opaque,  but  apparently  isotropic,  minute  grains,  probably  of  glass. 

The  yellow  tuffs'  show,  likewise,  small  pieces  of  black  basalt,  often 
vesicular,  which  stand  out  against  the  light-yellow  background  more 
prominently  than  do  those  in  the  gray  tuff.  The  yellow  portion  is 
rather  less  friable  than  the  preceding,  and  is  somewhat  porous,  the 
constituent  grains  being  agglomerated  into  very  small,  rounded 
aggregates,  a  millimeter  or  less  in  diameter,  between  which  there  are 
numerous  crevices  and  pores.  The  powder  of  this,  under  the  micro- 
scope, also  reveals  small  fragments  of  augite,  the  light-yellow  dust  in 
which  they  lie  being  semi-transparent  and  apparently  isotropic. 

The  chemical  composition  of  these  tuffs  is  shown  in  the  two  analyses 
given  below,  both  analyses  being  made  of  average  material  which 

s  These  are  the  trachytic  rocks  of  Calcara. 
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includes  the  very  small  fragments  of  basalt  which  seem  to  be  always 
{ffesent«  They  were  made  onair-diied  material,  the  specimens  having 
been  kept  in  a  drawer  for  over  a  year  prio'  to  the  analysis.  None  of 
the  minor  constituents,  except  titanium  dioxide,  were  determined, 
but  both  manganese  and  nickel  were  present,  and  apparendy  in 
amounts  comparable  to  those  shown  by  the  {receding  analyses. 


i« 


n« 


SiO,. . . 

Fe,0,.. 
FcO... 
MgO.. 
CaO. . . 
Na.O.. 
K,0. . . 
H,0  +  . 
H,0-. 
CO,... 

•no,... 


47  43 
17.20 

39-00 
1558 

so.  16 
18.19 

46.66 
18.64 

4.2- 

6-13 

4-44 

7  3? 

4  85 
7.56 

3  " 
655 
6.82 

S-57 
8.00 

3  72 

783 
8.16 

3-5^ 

3  " 

3  73 

3-85 

1. 51 

0.59 

1.60 

0.71 

2.42 
3" 

!    I::i 



none 

1.83 



3  00 

2.59 

3  17 

3  lo 

100.09 


99  63 


99  99 


L  Gimy  tufi.    Moote  JuetMnU,  Linosa. 

n.  YeUow  tuff.    Monte  Poianbna,  linosa. 

lo.  Analysis  I  ralmhitfd  free  from  wmter. 

Ha,  Analysis  11  nlmhtcH  free  from  wmter  and  cazbon  dioxide. 

These  analyses  present  some  features  of  interest  The  silica  of  I 
is  about  the  same  as  that  of  the  lavas,  while  that  of  11  is  very  much 
lower.  Also  the  alumina  of  I  is  distincdy  hi^er  than  in  the  la\-as,' 
while  that  of  IE  is  about  the  same  as  in  these.  In  %iew  of  the  evi- 
dently very  considerable  weathering  which  these  tuffs  have  undergone, 
the  much  lower  ratio  of  ferrous  to  ferric  oxide,  as  compared  with  the 
figures  shown  by  the  fresh  lavas,  is  not  surprising.  Magnesia  is  very 
decidedly  lower  in  I  than  in  the  majority  of  the  lavas,  while  in  II  it  is 
but  sli^dy  so,  but  the  figures  for  lime  as  well  as  for  the  alkalies  and 
titanium  dioxide  do  not  differ  materially  from  those  in  the  fresh  rocks. 
The  presence  of  considerable  water  only  driven  off  at  a  hi^  tempera- 
ture, and  of  carbon  dioxide  in  11,  is  readily  understood,  but  the  high 

I  This  hi^  ahimina»  taken  in  connection  with  the  low  magnesia,  might  be 
thcmg^  to  be  due  to  the  common  analjrtical  error  of  partial  precipitation  of  the  mag- 
nesia with  the  ahnninay  owing  to  the  presence  of  insufficient  ammonium  chloride* 
But  this  was  speciallj  guarded  against,  and  the  absence  of  magnesia  from  the 
precipitate  bj  ammonium  hydroxide  was  definitely  proven. 
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figures  for  water  which  is  driven  oflF  at  no®,  and  which  cannot  be  due 
only  to  the  moisture  of  the  sample,  indicates  the  presence  of  a  zeolitic 
cement,  the  amount  of  which  must  be  very  large  in  the  yellow  tuflFs,  in 
which  calcite  also  is  present,  and  which  serves  to  explain  their  more 
coherent  character. 

While  the  processes  involved  in  weathering  are  highly  complex 
and  involve  the  abstraction  of  certain  constituents,  and  to  a  less 
extent  the  addition  of  others,  and  in  varying  amounts  for  each,"  so 
that  the  calculation  of  the  figures  shown  by  the  analysis  of  weathered 
rocks  to  a  water-  and  carbon-dioxide-free  basis  cannot  usually  express 
the  original  composition  of  the  mass,  yet  the  figures  shown  in  the 
last  two  columns,  which  have  been  calculated  on  this  basis,  are  not 
without  interest.  In  spite  of  the  higher  alumina  and  ferric  oxide, 
and  lower  ferrous  oxide  and  magnesia,  which  they  show,  they  indicate 
that  the  tuflFs  are  derived  from  basalts  which  did  not  originally  diflFer 
chemically  very  materially  from  the  later  lavas,  esp^ally  those  of 
the  Monte  Ponente  type.  The  scarcely  appreciable  change  in  the 
figures  for  the  alkalies,  however,  those  for  soda  being  even  slightly 
higher  in  the  tuflFs  than  in  the  lavas,  would  indicate  that  the  original 
magma  of  the  tuflFs  was  distinctly  higher  in  these,  especially  in  soda, 
and  that  nephelitewould  probably  have  been  present  in  considerable 
amount  had  they  formed  compact  lavas.  The  somewhat  higher  soda 
in  the  blocks  of  lava  from  the  tuflFs  (page  23),  over  those  of  the  later 
lava  flows,  leading  to  the  presence  of  nephelite  in  the  norm,  and  prob- 
ably in  the  mode,  of  these  rocks,  also  points  the  same  way. 

In  general,  however,  regarding  the  tuflFs  as  weathered  representa- 
tives of  original  basaltic  ones,  the  processes  of  alteration  seem  to  have 
been  normal,  as  explained  by  Roth*  and  Merrill,*  the  latter  especially 
pointing  out  the  usually  more  rapid  loss  in  magnesia  than  in  lime. 

Although  the  figures  shown  in  la  and  Ila  above  are  open  to  the 
criticism  that  they  do  not  adequately  represent  the  original  magmas, 
yet  it  is  instructive  to  examine  the  norms  which  they  )deld,  which  are 
given  here,  the  ratios  being  omitted. 

«  Cf.  G.  P.  Merrill,  Rocks,  Rock-weathering,  and  Soils,  New  York  and  London, 
1897,  PP-  173-94. 

*  J.  Roth,  AUgemeine  und  chemische  Geologie,  Vol.  Ill,  1893,  P-  ^5^* 
3  G.  P.  Merrill,  op.  cU.,  pp.  218-24,  239. 
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From  these  figures  the  gray  tuflFs,  or  rather  the  original  rock  on 
the  assumption  that  the  recalculated  analysis  correctly  represents  it> 
falls  in  the  subrang  andose  (II.  5.  3.  4),  while  the  original  rock  of  the 
yellow  tuflf  would  fall  in  beerbachose  (II.  5.  3.  5),  but  so  close  to  the 
border  of  the  docaldc  order  that  it  is  nearly  in  hessose  (II.  5.  4-  4-5) > 
so  that  it  should  be  called  a  hessose-beerbachose  (II.  5.  4-3.  4-5). 
The  most  salient  feature  about  these  magmatic  positions  is  the  fact 
that,  differing  from  the  fresh  lavas,  these  tuffs  are  in  the  dosalane 
class,  not  the  salfemane.  This  position  is  brought  about,  in  part  by 
the  high  alimiina,  which  increases  the  amount  of  normative  anorthite, 
in  part  by  the  greater  amount  of  ferric  oxide  relative  to  ferrous,  and 
by  the  lower  magnesia,  both  of  which  decrease  the  amounts  of  femic 
minerals.  But  apart  from  these  differences  of  class,  the  rocks  of  the 
tuffs  would  seem  to  have  been  closely  concordant,  as  far  as  the  order, 
rang,  and  subrang  are  concerned,  with  the  later  lavas,  and  they  were 
probably  originally  also  in  the  salfemane  class. 

GENERAL  PETROLOGICAL  RELATIONS 
Character  and  succession  of  the  lavas. — ^The  figures  shown  by  the 
analyses,  and  the  facts  in  regard  to  the  relative  ages  of  the  various 
volcanic  cones,  presented  in  the  preceding  pages,  furnish  us  with  the 
data  for  a  brief  discussion  of  the  general  characters  of  the  Linosa 
lavas,  and  their  order  of  succession.  For  convenient  reference  all  of 
the  analyses  of  the  lavas  are  repeated  here,  those  of  the  tuffs  being 
omitted,  as  their  original  characters  are  so  obscured  by  weathering 
as  to  render  these  analyses  of  little  use.    There  are  also  given  in  the 
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table  some  analyses  of  closely  related  rocks  from  Pantelleria,  Sar- 
dinia, and  Catalonia,  which  have  already  been  published,'  and  which 
will  be  referred  to  in  the  subsequent  discussion. 

The  lavas  of  Linosa  would  seem  to  be  quite  monotonous  in  chemical 
as  well  as  mineral  characters.  Mineralogically  they  are  of  very 
simple  composition,  labradorite,  augite,  olivine,  titaniferous  magne- 
tite, and  apatite  being  the  only  minerals  present  in  all  cases,  and 
usually  in  about  this  order  of  abundance,  though  in  one  rare  type  the 
amount  of  olivine  surpasses  that  of  the  augite.    Chemically,  they  are 
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I.  Auvergnose-camptonose  (III.  5.  4-3.  4)  [feldspar-basalt].  Upper  north  flow, 
Monte  Ponente,  Ldnosa.    Includes  CI  0.14,  CuO  none. 

II.  Auvergnose  (III.  5.  4.  4,  5)  [feldspar-basalt].  Lower  north  flowi  Monte 
Ponente,  Ldnosa.  Includes  SO3  0.05,  CI  0.42,  SrO  0.04,  and  ZrOs*  CuO,  and  BaO 
none. 

m.  Camptonose  (III.  5.  3.  4.)  [feldspar-basalt].    Block  in  tuff,  II  Fosso,  Linosa. 

IV.  Camptonose  (III.  5.  3.  4)  [olivine-basalt].  Monte  Raneri,  Linosa.  Includes 
trace  of  Cr.Oj. 

V.  Camptonose  (III.  5.  3.  4)  [feldspar-basalt].    Monte  San  Elmo,  Pantelleria. 

VI.  Camptonose  (III.  5.  3.  4)  [feldspar-basalt].    Island  of  1891,  near  Pantelleria. 

VII.  Camptonose  (III.  5.  3.  4)  [feldspar-basalt].    Near  Cuglieri,  Sardinia. 

VIII.  Akerose  (II.  5.  2.  4)  [feldspar-basalt].  Monte  San  Mateo,  near  Ploaghe, 
Sardinia. 

IX.  Camptonose  (III.  5.  3.  4)  [feldspar-basalt].  Castellf ullit ,  near  Olot,  Cata- 
lonia, Spain. 


z  H.  S.  Washington,  Quarterly  Journal  of  the  Geological  Society^  Vol.  LXIII, 
1907*  P-  75- 
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characterized  by  rather  low  silica  and  alumina,  high  iron  oxides,  with 
ferrous  oxide  largely  predominating  over  ferric,  rather  high  magnesia 
and  lime,  the  former  being  very  high  in  the  olivine-rich  type,  rather 
high  soda  (for  such  femic  rocks),  and  low  potash,  very  high  titanium 
dioxide,  small  amounts  of  phosphoric  pentoxide  and  manganese,  and 
finally  the  ccmstant  presence  of  nickel  oxide  in  rather  high  amounts 
for  this  constituent.  Zirconiimi,  chromium,  copper,  bariimi,  and 
strontium  seem  to  be  either  uniformly  absent  or  present  only  in 
traces. 

As  regards  the  succession,  or  order  of  eruption,  of  the  lavas,  their 
uniform  and  monotonous  character  in  general  gives  little  scope  for 
distinctions.  From  the  figures  furnished  by  the  analyses  of  the  tuffs 
and  the  blocks  of  the  cones  of  the  earlier  period,  however,  as  compared 
with  those  of  the  later  lavas,  it  woxild  seem  that  the  earlier  rocks  were 
slightly  higher  in  soda,  and  in  general  somewhat  lower  in  silica  and 
possibly  in  lime,  than  the  later  ones.  The  iron  oxides,  potash,  tita- 
nium, and  phosphorus  apparently  change  but  little,  while  there  are 
indications  of  a  slight  drop  in  magnesia,  though  the  high  figure  for 
this  constituent  in  the  Monte  Raneri  lava  (which,  however,  is  earlier 
than  those  of  Monte  Ponente)  is  anomalous.  But  the  figures  show, 
in  general,  variations  of  too  slight  an  extent  to  justify  any  definite 
conclusion  that  a  decided  change  has  taken  place,  and  indicate,  on 
the  contrary,  that  the  chemical  character  of  the  magma  has  remained 
practically  the  same  from  the  earliest  eruption  on  Linosa  to  the  latest. 
It  is  possible  that  this  is  connected  with  a  short  period  of  volcanic 
activity  on  the  island,  or  it  is  possibly  indicative  of  this.  In  the 
absence  of  any  geological  or  stratigraphical  means  of  measuring  the 
time  elapsed  since  the  first  eruptions,  the  interval  between  those  of 
the  tuff  and  of  the  lava  cones,  and  the  time  that  has  passed  since  the 
last  volcano  became  extinguished,  we  are  not  in  a  position  to  decide. 

Relations  0}  the  Linosa  lavas  to  others, — In  a  paper'  published 
some  years  ago  a  possible  genetic  connection  was  suggested  between 
the  lavas  of  Linosa,  Pantelleria,  and  Sardinia,  the  suggestion  being 
based  on  the  few  analyses  of  the  rocks  of  Pantelleria  and  Sardinia 
which  had  been  published  at  that  time,  none  of  Linosa  being  known, 
as  well  as  on  some  more  general  tectonic  grounds.     In  a  more  recent 

«  H.  S.  Washington,  American  Jourttal  of  Science^  Vol.  VIII,  1899,  p.  293. 
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paper/  based  on  mnnerofos  anahses  windi  had  been  made  of  mateiial 
eoDected  durii^  die  trip  on  windi  linosa  was  listed,  cspcciallf  of 
die  basahs,  die  same  idea  was  agun  expressed,  die  locks  of  r^tairmjn 
beiiig  abo  coDsidered  as  related  to  those  <rf  die  odicr  kxalitics,  aiid  the 
probable  existence  of  a  distinct  comagmatic  region  (petrpgraphic 
pronnce)  in  the  western  Mediterranean  being  pointed  out.  While 
this  conclusion  is  based  pardj  on  die  diaimctcr  of  die  basalts,  there  is 
considerable  odier  evidence  in  its  favor  in  die  characters  <rf  the  more 
sahc  rocks,  and  in  other  facts,  but  a  full  discussion  must  await  the 
publication  of  the  wh<^  series  of  analjrses,  many  of  whidi  remain 
to  be  made.  In  the  present  {dace  it  must  suffice  to  point  out  the  simi- 
larities between  the  basalts  along  this  zone. 

Turning  to  the  table  of  analyses  on  page  32,  it  will  be  seen  that 
the  chemical  characters  of  the  basalts  of  Pantdleria,  Sardinia,  and 
Catalonia  (only  a  few  of  which  have  been  given  here)  are  remarkaUy 
similar  to  those  of  Linosa  and  of  each  other.  Elxcept  in  Sardinia, 
where  it  is  somewhat  higher,  silica  is  about  the  same  in  all,  and  the 
figwes  for  the  other  constituents  present  close  analogies  with  each 
other.  This  is  especially  well  seen  in  those  for  the  oxides  of  iron, 
ferrous  oxide  largely  predominating  over  ferric,  and  those  for  titanium 
dioxide,  the  figures  for  this  constituent,  which  reach  a  maximum  at 
Pantellcria,  being  the  highest  known  to  me  for  any  such  large  series  of 
rocks.  Also  these  basalts  are  highly  dosodic,  and  in  this  respect  in 
marked  contrast  to  the  salfemic  rocks  of  the  Italian  peninsula,  in 
which  potash  is  abundant  and  is  greatly  in  excess  over  soda,  giving 
rise  to  the  highly  leudtic  rocks  for  which  the  Bolsena-Vesuvius  line 
of  volcanoes  is  so  famous. 

While  the  general  resemblance,  and  hence  the  probable  genetic 
connection,  between  the  basalts  of  Linosa,  Pantelleria,  Sardinia,  and 
Catalonia  are  thus  clear,  it  is  noteworthy  that  the  general  monotony 
of  the  lavas  of  Linosa  is  in  marked  contrast  with  the  conditions  that 
obtain  on  the  neighboring  island  of  Pantelleria,  as  well  as  on  Sardinia. 
On  these  two  islands  the  earlier  eruptions  were  of  highly  salic  rocks, 
phonolitcs,  trachytes,  and  rhyolites  in  the  older  classifications,  being 
followed  by,  and  the  era  of  vulcanicity  closing  with,  the  eruption  of 

X  H.  S.  Washington,  Quarterly  Journal  of  the  Geological  Society,  Vol.  LXm, 
1907,  p.  69. 
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more  femic  rocks  (basalts),  which  fonned  small  cinder  cones  similar 
to  those  of  Linosa.  It  might  be  argued  from  this  that  the  last  erup- 
tions of  Linosa  belong  to  a  very  recent  date,  subsequent  to  those  of 
the  earlier  salic  lavas  of  Pantelleria,  and  possibly  contemporaneous 
with  those  of  the  final  basaltic  cones  of  this  island.  And  this  view  is 
strengthened  by  consideration  of  the  very  recent  submarine  eruptions 
of  1831  and  1891  in  the  neighborhood  of  Pantelleria,  the  lavas  of 
which  are  highly  femic,  and  resemble  those  of  Linosa  and  the  last 
eruptions  of  Pantelleria. 
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INTRODUCnOX 

Three  mighty  periods  of  igneous  activity  mark  the  geological 
histon-  of  southwestern  Nevada  and  eastern  California.  The  latest 
of  these,  the  Tertiaiy,  has  been  ably  treated  by  Spurr*  while  con- 
cerning the  earliest,  the  pre-Cambrian,  we  know  little.  It  is  the 
purpose  of  this  article  to  describe  briefly  the  period  of  igneous  activity 
beginning  in  post- Jurassic  time  and  ceasing  IcHig  prior  to  the  Eocene. 

During  the  field  season  of  1905  the  writer  made  a  reconnaissance 
of  some  8.500  square  miles  in  southwestern  Nevada  and  eastern 
California  for  the  United  States  Geological  Survey.^  This  area  lies 
between  36°  30'  and  38^  North  latitude  and  117^  30^  and  116®  West 
longitude  (see  Fig.  i). 

GENER.\L  STATEMENT 

The  earliest  of  the  post-Jurassic  igneous  rocks  recognized  in  the 
area  are  the  granular  siliceous  intrusive  rocks;  next  came  the  intru- 
sion of  quartz-monzonite  porph\T}',  poor  in  ferromagnesian  minerals, 
while  the  youngest  of  the  pre-Tertiar}-  rocks  are  diorite  and  diorite- 
porphjT\'. 

DISTRIBUTION 

The  post- Jurassic  igneous  rocks  are  widely  distributed  over  the 
area  under  consideration  although  they  cover  larger  expanses  in 
its  western  portion,  and  are  the  predominant  formation  from  longi- 
tude 117°  30^  westward  to  the  Sierra  Nevada.  The  Tertiary  lavas 
and  sedimentary  rocks  and  the  Pleistocene  and  Recent  terrestrial 
deposits  cover  vast  stretches  so  that  a  cursory  examination  of  a 
geological  map  of  Nevada  gives  but  little  idea  of  the  importance  of 

»  PublLshcd  with  the  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
»  J.  K.  Spurr,  Journal  oj  Geology,  Vol.  VIII,  pp.  621-46. 
J  See  Bull.  U.  S.  Geological  Survey  No.  308, 
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the  i)ost-Jurassic  igneous  intmsives.  But  when  we  consider  only 
the  region  at  present  covered  by  pre-Tertiary  formations  we  find 
that  the  widely  distributed  masses  of  post- Jurassic  igneous  rocks 
form  approximately  one-sixth  of  this  territory.  Moreover,  at  many 
places  where  Tertiary  lavas  mask  the  older  formations,  fragments 
of  pre-Tertiary  igneous  rocks  are  included  in  the  lavas,  thus  showing 
the  presence  of  these  older  rocks  on  the  sides  of  the  conduit  through 
which  the  molten  Tertiary  rock  welled. 

THE  GRANULAR  SILICEOUS  SERIES 
GENERAL  STATEBCENT 

This  series  is  composed  of  four  rocks  which  were  intruded  in  the 
following  order;  monzonite  and  quartz- monzonite  porphyry;  granular 
HKks,  including  granite,  quartz- monzonite,  and  soda  syenite;  aplites 
and  iH'gmatites.  These  rocks  in  each  separate  batholith  solidified 
successively  from  a  single  magma  in  the  reverse  order  of  their  addity. 

MONZONITE  AND  QUARTZ-MONZONITE  PORPHYKY 

The  gronuhu:  igneous  rocks  of  the  Belted  and  Panamint  ranges, 
of  Pahute  Mi^a,  and  of  Gold  Mountain  Ridge,  contain  fragments  of 
tino  grainiHl  gray  monzonitic  rocks.  That  of  Gold  Mountain  is  a 
quart/,  monzonite  |X)rphyr}'  in  which  the  ferromagnesian  mineral  is 
hiotite.  A  s|HH:imcn  from  the  Belted  Range  is  a  basic  homblende- 
hiotile  monzonite,  Thi*se  monzonites,  while  somewhat  older  than 
the  gnmular  silicwus  nn  ks  in  which  they  occur,  are  mas^ve  and  are 
hdiovixl  to  Ih*  a  somewhat  earlier  cr}*staIlization  of  the  magma  from 
whii'h  the  mon*  siliaHnis  nvks  alterwani  solidified. 

O.KANITKS,  Ol'AKTZ-MONZONrrE  AXD  SODA-SYENITE 

iVM\cr»iMiV  «7Mr»j«7<T.— These  nx^ks  range  on  the  one  hand  from 
al;iskite  thrvMigh  musooviii^,  musiwiie-biotite-,  and  biotite-granite  to  a 
quart:  nuMi.'iWte  aj^i^rx\u^hing  j;rano^Uorite,  and  on  the  other  hand 
frvMn  normal  jjnmito  ihrvni^jih  s^xla  rich  granite  to  soda-syenite. 
\U>st  ot  th«>e  uvks  jjrade  inu'^  cx^rresj^onvling  porphyries.  The 
Uthi\K>*:io  ohAVAvtiT  i>t  the  nvks  vM*  nv>>:  of  the  areas  shown  on  the 
mat^  ySiv  Vij;.  O  is  \:sua11y  r,i:hiT  ov^ns:an:,  although  in  the  Gold 
Mov.ntaJn  Kixij^x*  j:va!\*:o  ivrphyn-  cr,iv^^es  m:o  hornblende-bearing 
qv.ait^  mor,r\v.v;;o  ivvvhx  r\  ir.  a  .iisMnvV  o:  v>r.lv  :eii  feet, 

Ma:\\  oi  '.hi-so  :\vks  atx*  chATAvUrirxv  by  laiTge  poq)hyTitic  fdd- 
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spars.  The  granite  at  Oak  Spring  in  the  Belted  Range  contains 
phenocrysts  of  feldspar,  quartz,  and  biotite  which  reach  maximum 
lengths  of  4  inches,  J  inch,  and  i  inch  respectively.  The  feldspar 
phenocrysts  are  locally  sufficiently  abundant  to  form  one-third  of  the 
rock  mass.  The  microscopic  character  of  the  granular  siliceous 
rocks  are  tabulated  in  Table  I,  and  those  of  the  corresponding  por- 
phyries in  Table  II. 

From  the  east  to  the  west  edge  of  the  area  imder  consideration 
the  rocks  in  the  main  become  progressively  less  siliceous  and  the 
quartz-monzonite  of  the  Panamint  Range  approaches  in  composition 
the  granodiorite  of  the  Sierra  Nevada.  In  a  broad  way  then  the 
magmas  in  the  various  centers  of  igneous  activity  were  less  and  less 
siliceous  from  meridian  116  west  to  the  Sierra  Nevada.  There  is 
also  a  slight  increase  in  the  soda  content  of  the  rocks  from  the  eastern 
border  of  the  area  to  the  western. 

The  soda-syenite  and  soda-syenite  porphyry  which  form  a  small 
mass  intrusive  in  Pennsylvanian  hmestone  11}  miles  southeast  of 
Tin  Mountain  (Panamint  Range)  are  worthy  of  more  detailed  des- 
cription. The  soda-syenite  is  characterized  by  abrupt  and  great 
changes  in  granularity  and  in  the  relative  abimdance  of  the  constit- 
uent minerals.  The  most  common  type  is  a  coarse  to  medium- 
grained  gray  rock  composed  of  predominant  gray  with  some  pink 
feldspar,  subordinate  greenish-black  ampbibole  or  pyroxene,  and 
biotite.  Many  of  the  feldspars  have  good  crystal  outlines  and  in  the 
more  porphyritic  fades  the  abimdant  feldspar  laths  which  have 
lengths  of  i  J  inches  are  aligned  in  flow  orientation.  The  rock,  next 
to  the  limestone,  is  very  fine  grained.  Epidote  has  developed  at 
the  expense  of  the  ferromagnesian  minerals  in  all  fades.  Under  the 
microscope  this  rock  proves  to  be  a  soda-syenite  or  nordmarkite  of 
imeven  hjrpidiomorpbic  granular  texture.  Alkali  feldspars  are  the 
predominant  constituents  and  indude  the  spedes  orthodase,  micro- 
perthite,  and  anorthodase.  With  these  is  a  little  oligoclase.  The 
alkali  fddspars  form  rude  tabular  crystals,  many  of  which  are 
twinned  according  to  the  Carlsbad  law.  Augite  sometimes  occurs 
in  colimuis,  or  anhedra  of  augite,  green  hornblende,  quartz,  biotite, 
and  yellowish-brown  garnet  may  he  between  these  tabular  forms. 
The    augite    shows    characters    approaching    aegirite-augite.    The 
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Bcctssarj  mxnenb  are  riiasfte.  fragnrthe.  ^MXite.  and  fluorite. 
Fluorite  &cks  the  aQcafi  fddspor  aad  was  probably  intzoduced  by 
magmadc  gases. 

The  soda-syenite  is  cxzt  by  dikes  ot  a  oompott  greenish-gray 
aplite.  Pink  feldspar  is  asBnriarrd  with  the  gray  feUspar,  and  ::ome 
veins  are  composed  wfacDy  of  pcnk  fddspor  with  pyroxene.  Under 
the  microscope  the  aplite  has  a  Tcry  aneven-grained,  aOotriomorphic 
texture.  The  feUspais  inclode  microperthite^  oithoclase,  and  some 
anorthodase;  a  littk  quartz  is  also  present.  Although  the  rock 
is  not  rich  in  ferromagnesian  minerak,  there  are  many  small  grains 
and  partial  crystals  of  acgirite-augitey  which  show  the  usual  zonal 
structure,  with  deeper  green  bands  on  the  border.  Irregular  grains 
of  a  h'ght-yellow  garnet  are  rather  abundant  and  titanite  and  apatite 
are  accessories.  Fluorite  occurs  in  small  Uebs,  surrounded  by  a 
mesh  of  seriate  shreds,  which  were  probably  formed  by  the  same 
gases  that  deposited  the  fluorite.  Caldte  is  also  present  and  its 
contacts  with  other  minerals  are  so  sharp  that  it  was  probably  deposited 
in  miarolitic  openings.  The  contact  between  the  aplite  and  the 
syenite  is  in  some  cases  sharp,  in  others  gradationaL  In  one  instance 
a  dike  of  syenite  porphyry  is  faulted  along  an  aplitic  dike,  but  there 
is  little  doubt  that  the  two  are  genetically  related.  Narrow  pegmatitic 
dikes,  the  feldspar  and  pyroxene  of  which  reach  a  diameter  of  i  inch, 
also  occur. 

The  soda-syenite  intrudes  Pennsylvanian  limestone  and  has  suf- 
fered the  same  deformation  as  the  quartz-monzonite  which  Ues  to  the 
south  of  it  (No.  II,  Table  I).  Phases  of  the  pegmatite  of  the  mon- 
zonite  closely  resemble  the  soda-syenite  in  mineral  composition  and 
from  this  fact  and  the  proximity  of  the  two  masses  the  soda-syenite 
is  believed  to  be  a  later  diflFerentiation  of  the  monzonitic  magma. 
At  places  the  pegmatite  of  the  monzonite  has  a  border  composed  of 
almost  pure  augite  with  a  median  band  of  feldspar.  The  boimdary 
planes  are  rather  distinct  although  individual  cr3rstals  extend  from 
the  monzonite  into  the  basic  bands  and  from  these  into  the  acidic 
center.  The  more  siliceous  portion  shows  imder  the  microscope  the 
comixysition  of  a  soda-syenite,  and  consists  of  orthoclase,  anortho- 
dase, auf^itc,  hornblende,  oligoclase,  quartz,  titanite,  magnetite, 
apatite,  and  zircon.    Titanite  occurs  both  in  well-crjrstallized  wedges 
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which  were  among  the  first  to  solidify  from  the  magma  and  also  in 
anhedra  between  the  tabular  feldspars,  this  titanite  being  among 
the  last  minerals  to  separate  from  the  magma.  In  other  phases 
of  the  pegmatite  partial  crystals  of  ferromagnesian  minerals  are  in- 
closed in  a  coarse  crystalline  aggregate  of  feldspar.  Microscopic 
examination  shows  that  orthoclase  and  microperthite  are  so  predomi- 
nant over  plagioclase  in  this  rock  that  it  has  the  composition  of  a 
syenite.  A  little  quartz  is  present  and  the  ferromagnesian  minerals 
include  augite,  olivine,  brown  hornblende,  and  biotite.  Augite  in 
imusually  large  crystals  and  magnetite  in  grains  also  occur. 
In  this  rock  there  are  associated  the  two  minerals,  quartz 
and  olivine,  which  at  one  time  were  believed  never  to  occur 
together. 

Weathering. — Southwestern  Nevada  has  an  arid  climate  and  con- 
sequently the  granitoid  rocks  weather  into  a  soil  composed  of  frag- 
ments of  the  constituent  minerals  which  are  practically  fresh.  This 
mechanical  disintegration,  largely  dependent  upon  stresses  due  to 
changes  of  temperature,  is  so  rapid  that  broad  basins  of  granitic  soil 
extend  up  into  the  hills.  Through  these  detrital  embayments  low 
domical  outcrops  of  granite  protrude  and  it  is  only  in  the  highest 
peaks  that  exposures  are  conspicuous. 

Age. — From  the  imiform  amount  of  mashing  which  these  rocks 
have  suffered  and  from  the  similarity  in  the  geological  history  of  the 
various  ranges,  it  is  evident  that  all  of  these  rocks  are  approximately 
of  the  same  age.  They  intrude  the  Paleozoic  rocks  as  batholiths, 
stocks,  sheets,  and  dikes,  where  the  contacts  can  be  observed,  and 
fragments  of  them  are  included  in  Tertiary  lavas.  The  youngest 
Paleozoic  rocks  in  the  area  are  of  Pennsylvanian  age  and  these  are 
intruded  by  granular  igneous  rocks  in  the  Belted  and  Panamint 
ranges.  The  earliest  lavas  occur  in  the  Stonewall  Mountains  and 
these  rocks,  which  are  of  very  late  Cretaceous  or  early  Eocene  age,* 
contain  fragments  of  granite.  The  granular  rocks  are,  therefore, 
of  post-Carboniferous  and  pre-Tertiary  age.  Spurr*  found  rocks  of 
similar  composition  cutting  Triassic  strata  in  the  Pilot  and  Excelsior 

«  Sydney  H.  Ball,  Bulletin  308  U,  S.  Geological  Survey^  p.  33. 
»  J.  E.  Spurr,  Bulletin  208,  U.  5.  Geological  Survey,  pp.  103,  109. 
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(Nevada)  ranges,  and  Louderback*  states  that  granite  intrudes 
Triassic  rocks  in  the  Humbolt  (Nevada)  range. 

Later  students  of  Nevada  geology  believe  with  Eling'  that  the 
mountain  ranges  of  the  western  part  of  the  state  and  the  Sierra  Nevada 
were  formed  simultaneously  at  the  close  of  the  Jurassic.  The  granite 
intrusion  was  probably  a  relatively  late  event  in  this  period  of  deforma- 
tion, an  inference  supported  by  the  relatively  immashed  condition  of 
the  granite.  The  erosion,  prior  to  the  outpouring  of  the  earliest 
Tertiary  lavas,  of  the  thick  covering  of  superincumbent  rocks,  which 
must  have  been  present  in  order  to  produce  the  granular  texture  of  the 
plutonic  rocks  also  points  to  the  post- Jurassic  or  very  early  Cretaceoiis 
age  of  the  igneous  rocks.  Such  an  age  determination  is  in  harmony 
with  that  of  the  granodiorite  of  the  Sierra  Nevada.  That  moimtain 
system  and  the  ranges  of  western  Nevada  have  had  a  closely  parallel 
history. 

While  these  granular  siliceous  rocks  are  thus  believed  to  have 
been  contemporaneous  in  a  broad  way,  their  consolidation  imquestion- 
ably  occurred  at  slightly  different  times.  This  is  indicated  not  alone 
from  the  relation  between  the  pegmatite  of  the  quartz-monzonite 
and  the  soda-syenite  of  the  Panamint  Range,  but  also  from  the 
wide  lithologic  variety  in  the  granular  rocks  of  the  Silver  Peak  Range 
(see  column  7,  Table  I,  and  colunms  i,  2,  6,  and  7,  Table  11).  There 
indeed  the  granular  rocks  may  have  soUdified  from  wholly  separate 
magmatic  basins. 

The  conclusion  as  to  the  post- Jurassic  age  of  these  rocks  is  in 
accord  with  that  of  Spurr,  for  the  granites  of  Silver  Peak^  and  Gold- 
field,*  Nevada,  and  that  of  Louderback*  for  similar  rocks  in  the 
Humbolt  Range,  Nevada. 

APLFTE 

The  granitoid  rocks  of  most  of  the  areas  are  cut  by  narrow  dikes 
of  aplite,  a  fine-grained  rock  of  white  or  pink  color.    In  composition 

<  George  D.  Louderback,  BuUeiin  Geological  Society  of  America,  VoL  XV,  p.  318. 
«  Qarence  King,  U.  S.  Geological  Explor,  40th  Parallel,  VoL  I,  1878,  p.  759. 

3  J.  E.  Spiirr,  Bi-monthly  BuU.  Amer.  Inst,  of  Min,  Engrs.,  1905,  No.  5,  p.  955; 
also  Professional  Paper  No.  55,  U,  S.  Geological  Survey,  pp.  25,  26. 

4  J.  E.  Spurr,  Bull.  260,  U.  S.  Geological  Survey,  1905,  p.  133. 

s  G.  D.  Louderback,  BuU,  Geol,  Sac,  of  Amer.,  Vol.  XV,  1904,  p.  336. 
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the  aplite  and  granitoid  rocks  difiFer  in  the  relative  proportions  rather 
than  in  the  kind  of  minerals  present.  The  aplites  are  more  siliceous 
than  the  older  granitoid  rocks,  those  of  the  granites  usuaUy  having 
alaskitic  afiBnities  and  those  of  the  quartz-monzonite,  granitic  afiSnities, 
Upon  weathering  the  apUtes  protrude  from  the  surface  of  the  granitoid 
rocks. 

PEGMATITE 

Pegmatite  is  usually  associated  with  the  granitoid  rocks  and  is  the 
only  representative  of  the  granular  siliceous  series  at  Bare  Moimtain, 
and  is  the  predominant  intrusive  of  the  Bullfrog  Hills.  At  most 
places  it  cuts  the  granitoid  rocks  with  sharp  contacts,  and  normally 
the  intrusion  of  aplite  intervened  between  that  of  granite  and  of  peg- 
matite, although  graduations  from  pegmatite  to  granite  also  occiur. 
At  one  place  in  the  Gold  Moimtain  Ridge  an  aplite  dike  passes  along 
its  strike  into  a  dike  with  narrow  apUtic  border  and  broad  pegmatitic 
center* 

The  p^matite  usually  occurs  in  well-defined  dikes  but  throughout 
the  more  easterly  of  the  two  granite  masses  in  the  Pahute  Mesa 
ellipsoidal  masses  of  coarse  quartz-feldspar-pegmatite  are  inclosed 
in  the  granite.  The  contact  between  the  two  rocks  is  at  some  places 
sharp,  at  others  gradational.  The  ellipsoidal  form  and  the  absence 
of  apparent  channels  from  one  mass  to  another  in  the  plane  of  obser- 
vation suggest  that  the  pegmatite  formed  in  place  from  the  residual 
fluids  of  the  granitic  magma. 

Chemically  the  p^matites  are  more  add  than  their  granitoid 
associates  although  in  the  Panamint  Range  the  pegmatite  of  the 
quartz-monzonite  has  also  undergone  a  considerable  enrichment  in 
soda.  In  texture  the  p^matites  are  either  coarse,  irregular,  granular 
aggregates  or  the  intimate  inteigrowth  conmionly  called  graphic 
granite.  The  latter  rock  in  the  Gold  Mountain  Ridge  is  a  transition 
phase  between  granite  and  coarsely  granular  pegmatite. 

The  pegmatites  of  southwestern  Nevada  contain  but  few  rare 
minerals.  P3rrite  occurs  as  an  original  constituent  of  the  pegmatite  in 
the  Belted  Range  and  in  the  Bullfrog  Hills.  At  the  former  locality  it 
is  reported  to  cany  values  in  gold  and  silver  and  in  1905  was  being 
prospected.  The  gradation  from  either  a  muscovite-  or  biotite- 
pegmatite  to  quartz  veins  is  seen  in  most  of  the  larger  granite  areas. 
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At  the  Bullfrog-George  prospect  in  the  Slate  Ridge  molybdenite, 
molybdite,  and  fluorite  occur  in  a  pegmatitic  quartz  vein.  Molyb- 
denite is  present  as  metallic  tablets  and  irregular  scales  of  steel-gray 
color  which  lie  between  or  are  surrounded  by  the  interlocking  quartz 
crystals  of  the  vein.  It  evidently  solidified  from  the  magmatic  waters 
contemporaneously  with  the  quartz.  Its  alteration  product,  a  bright- 
yellow  mineral  in  minute  crystals  and  tufted  aggregates,  was 
determined  by  W.  T.  Schaller  to  be  molybdite.  Fluorite,  which 
occurs  in  fractures  in  the  quartz  and  also  lines  its  vugs,  is  evidently 
somewhat  younger  than  quartz  and  presumably  was  deposited  by 
gases  in  the  expiring  stages  of  volcanism. 

In  the  Bullfrog  Hills  there  is  some  evidence  of  two  separate  intru- 
sions of  pegmatitic  material.  The  older  pegmatite  is  a  feldspar- 
muscovite-quartz  rock  which  is  cut  by  a  very  siliceous  pegmatite  dike 
of  almost  pure  quartz.  It  is  probable  then  that  from  the  residium  of 
the  granite  magma  a  coarse-grained  rock  with  the  composition  of  a 
granite  first  separated  and  solidified  and  at  a  later  period  a  more 
quartzose  rock  was  deposited  from  the  residual  liquid  in  fractures 
in  the  older  pegmatite. 

QUARTZ-MONZONrTE  PORPHYRY 

Dikes  and  sheets  of  quartz-monzonite  porph3n7,  poor  in  ferro- 
magnesian  minerals,  intrude  Paleozoic  rocks  and  granite  of  the  Silver 
Peak  Range  and  Slate  Ridge.  This  rock  near  Lida  is  apparently 
cut  by  the  diorite  porphyry  described  below. 

The  monzonite  porphyry  is  a  dense  white  or  greenish-white  rock 
with  abimdant  medium-sized  phenocrysts,  which  however  are  sub- 
ordinate in  bulk  to  the  ground-mass.  They  consist  of  whitish  feld- 
spars, some  striated  and  others  unstriated,  silvery  mica,  and  a  few 
quartz  crystals.  The  central  portions  of  the  dikes  and  sheets  are 
more  coarsely  cr)^talline  than  the  borders  and  in  instances  approach 
a  granitoid  texture. 

Microscopic  examination  proves  the  medium-grained  microgranitic 
ground  mass  to  consist  of  orthoclase,  microperthite,  and  anortho- 
clase  grains,  plagioclase  laths,  and  a  few  quartz  anhedra.  In  some 
thin  sections  the  alkali  feldspars  poikilitically  inclose  the  other  min- 
erals and  in  others  quartz  and  orthoclase  are  in  graphic  intergrowth. 
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The  phenocrysts  of  orthodase  and  microperthite  predominate  over 
those  of  {dagiodase  (digodase  and  oligodase-andesine).  Altered 
biodte  {dienocrysts  are  oxistantly  present  while  quartz  crystals^  mudi 
corroded,  appear  in  some  thin  sections.  Zircon  and  magnetite  are 
accessory  minerals. 

This  quart&-nu»zonite  porphyry  which  evidently  contains  con- 
siderable soda,  is  yomiger  than  the  granite  which  it  cuts  in  the  area 
four  miles  west  of  Alkali  SjHings  and  pebUes  of  it  are  induded  in  the 
Siebert  lake  beds  (Mocene). 

DIORTTE  PORFHYKY  AND  DIOSITE 

Dikes  of  diorite  porjdi3n7  and  a  few  intrusive  masses  of  diorite 
occur  in  the  Silver  Peak,  Panamint,  Gn4)evine,  and  Cactus  ranges, 
the  Gold  Mountain  and  Slate  ridges  and  the  Bullfrog,  Mount  Jackson, 
and  Lone  Mountain  hills.  These  rocks  are  hence  confined  to  the 
western  half  of  the  area  under  consideraticm.  In  composition  they 
range  from  add  diorite  approaching  granodiorite  to  a  quartz-augite 
diorite  of  ojdiitic  texture.  Brown  hornblende  characterizes  the  more 
basic  types  and  fragments  of  serpentine  found  in  the  Lone  Mountain 
foothills  may  be  altered  forms  of  still  more  basic  phases. 

The  diorite-porph3n7  and  diorite  are  yoimger  than  the  Paleo- 
zoic rocks  and  the  igneous  rocks  already  described,  but  nowhere 
were  they  observed  cutting  Tertiary  lavas.  Pebbles  occur  in  the 
Siebert  lake  beds  (Mocene)  and  the  rock  is  probably  of  pre-Tertiary 
age. 

The  quart^-numzonite  porjdi3n7  and  the  diorite  porphyry  and 
diorite,  which  are  the  youngest  of  the  pre-Tertiary  igneous  rocks, 
occur  only  in  comparativdy  small  masses.  The}*  are  probably  com- 
plementary differentiation  products  of  a  magma  residual  from  the 
solidification  of  the  granular  siliceous  rocks. 
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The  followiag  is  a  brief  summary  of  the  report  of  the  retiring 
president  of  the  International  Committee  on  Glaciers,  which  was 
presented  to  the  International  Congress  of  Geologists  in  Mexico 
in  1906.*  The  committee  collects  material  regarding  the  variations 
of  glaciers  in  all  parts  of  the  world;  this  material  is  collected  in 
diflferent  ways  in  different  coimtries.  In  Switzerland  the  Federal 
Foresters  report  on  the  changes  in  about  90  glaciers,  and  special  work 
is  being  done  in  the  study  of  the  Rhone  glacier  under  the  auspices 
of  the  Helvetic  Society  of  Natural  Sciences.  The  German-Austrian 
Alpine  Club  encourages  the  observations  of  glaciers  in  the  eastern 
Alps,  the  Italian  Alpine  Club  and  the  Italian  Gec^raphical  Society 
help  in  Italy,  and  there  is  a  special  conunittee  in  France  which  has 
lately  received  some  help  from  the  government  in  the  observations  of 
glacial  variations.  The  Imperial  Russian  Geographical  Society  has 
done  much  in  collecting  and  publishing  the  material  regarding  the 
little-known  glaciers  in  the  Russian  Empire.  The  Norwegian  Tourist 
Club  in  Norway,  and  the  Swedish  Tourist  Club  in  Sweden  have 
provided  for  the  systematic  study  of  glaciers  in  those  coimtries,  and 
lately  the  Swedish  Geological  Survey  and  the  Reischtag  have  furnished 
pecuniary  help.  The  glaciers  of  Greenland  have  been  studied  by 
exploratory  expeditions  sent  out  by  the  Danish  government.  Recent 
information  regarding  the  glaciers  of  Iceland  comes  from  the  explora- 
tions of  Dr.  Thoroddsen;  a  topographic  map  now  being  made  shows 
the  positions  of  many  glaciers.  In  Canada,  also,  the  topographic 
maps  are  the  most  important  contributions  to  glacial  work  being  done 
by  the  government,  but  special  studies  of  Canadian  glaciers  have  been 
made  independently  by  individuals.  The  same  is  true  of  the  glaciers 
of  New  Zealand.    In  India  the  Geological  Survey  has  imdertaken  to 

»  The  earlier  reports  appeared  in  the  Journal  of  Geology,  Vols.  III-XIII. 
*  The  complete  report  will  appear  in  the  Comptes  rendus  of  the  Congress. 
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keep  the  record  of  the  movements  of  some  glaciers,  but  observations 
there  in  the  past  have  been  very  desultory.  No  systematic  work  has 
been  done  by  the  government  in  the  United  States,  although  the  maps 
made  by  the  Geological  Survey  and  the  Coast  and  Geodetic  Survey 
in  glacial  regions  are  of  value  in  fixing  the  present  positions  of  the 
gladers.  Reports  r^arding  the  Antarctic  and  Arctic  regions  must 
necessarily  be  irregular  and  must  be  obtained  from  exploratory  expedi- 
tions to  those  regions. 

Heven  annual  reports  have  been  published  by  the  commission, 
the  first  ten  in  the  "Archives  des  sciences  physiques  ef  naturelles," 
in  Geneva.  The  eleventh  report  was  published  in  the  new  Zeii- 
schrifl  far  Gletscherkutule,  edited  by  Professor  Eduard  Briickner,  of 
Vienna,  and  future  reports  will  appear  there.  A  glance  at  these 
reports  will  show  that  glaciers  in  all  parts  of  the  world  are  now  retreat- 
ing. The  tendency  to  advance,  whijii  showed  itself  in  the  western 
Alps'about  1885  and  which  slowly  passed  on  to  the  eastern  Alps  has 
now  practically  disappeared.  It  did  not  extend  to  other  glaciated 
regions. 

Since  the  organization  of  the  conmiittee  many  theoretical  and 
observational  studies  of  glaciers  have  been  made.  It  has  been  shown 
that  when  a  glacier  advances  there  is  first  an  increase  of  thickness 
and  of  velocity  in  the  higher  parts  of  the  glacier  and  that  a  wave  of 
greater  thickness  and  greater  velocity  travels  down  the  glacier  and 
causes  an  advance  of  the  end;  this  wave  originates  in  an  increased 
accumulation  in  the  reservoir,  and  in  general  the  longer  the  glacier 
the  longer  time  will  be  needed  for  the  wave  to  reach  the  end.  It 
has  also  been  shown  that  the  greatest  thickness  in  the  reservoir  will 
occur  some  time  after  the  maximum  snowfall;  so  that  the  advance  of 
the  end  may  be  many  years  after  the  period  of  maximum  snowfall.  If 
the  glacier  itself  advances  sooner  than  this  theory  would  lead  us  to 
expect  it  must  be  due  to  diminished  melting  at  the  end,  rather  than  to 
increased  accumulation  in  the  reservoir.  The  application  of  the  idea 
of  hydrodynamic  lines  of  flow  to  the  motion  of  glaciers  has  greatly 
increased  our  understanding  of  glacial  phenomena,  and  it  is  to  the  fur- 
ther development  and  application  of  this  idea  that  wc  must  look  for 
the  increase  of  our  knowledge  of  glaciers  in  the  near  future.  The  long- 
continued  controversy  as  to  the  origin  of  the  blue  bands  has  been  at 
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least  partially  solved.  It  has  been  quite  clearly  shown  that  the  orderly 
systems  of  blue  bands  in  the  body  of  the  dissipator  are  the  modified 
strata;  but  it  has  not  yet  been  shown  that  the  bands  which  exist 
close  to  the  bed  and  at  the  very  end  of  the  glacier  belong  to  the  above 
systems.* 

The  following  is  a  summary  of  the  Eleventh  Annual  Report  of 
the  International  Committee  on  Glaciers:* 

REPORT  ON  GLACIERS  FOR  1905 
Swiss  Alps. — Of  the  ninety  glaciers  under  observations  in  Switzer- 
land, forty-nine  were  measured  in  1905.  The  changes  in  five  are 
uncertain;  three  glaciers  are  stationary  and  the  other  forty-one  are 
in  retreat.  No  glacier  measured  in  1905  showed  any  certain  advance.* 
Eastern  Alps. — Observations  were  made  in  the  summer  of  1905 
on  sixty-one  glaciers;  forty-nine  were  in  retreat,  five  were  stationary, 
and  seven  had  advanced  somewhat,  so  that  the  general  tendency 
to  retreat  still  dominates.  Of  the  seven  advancing  glaciers,  five  are 
in  the  mountains  of  the  Oetzthal,  where  are  situated  also  three  of  the 
stationary  glaciers.  The  other  two  advancing  glaciers  are  in  the 
Goldberg  group  of  the  Hohen  Tauem.  The  Grosselendkees,  which 
is  stationary,  lies  in  the  Ankogel  group,  the  most  easterly  part  of  the 
Alps  bearing  glaciers.  The  Gliederfemer  in  the  Zillerthal  Alps, 
which  was  advancing  last  year,  is  now  in  retreat. 

>  The  following  changes  have  been  made  in  the  committee.  Professor  Francesco 
Porro,  formerly  representing  Italy  on  the  commission,  was  elected  to  represent  Argen- 
tina; Professor  Olinto  Marinelli  succeeded  him  as  representative  of  Italy;  Mr.  Charles 
Rabot,  represents  France,  as  the  successor  to  Professor  W.  Kilian,  who  has  retired; 
and  Dr.  E.  von  Drygalski  was  elected  to  report  on  the  Antarctic  regions;  Professor 
Brtickner  was  made  ordinary  member  of  the  commission  to  represent  Austria,  succeed- 
ing Dr.  A.  Penck,  who  has  removed  to  Berlin.  Other  corresponding  members  have 
been  added  as  follows:  Professor  Dr.  Hans  Angerer,  Mr.  Charles  Jacob,  Mr.  A.  B. 
Harper,  Major  Hon.  E.  G.  Bruce,  Mr.  W.  S.  Vaux,  Jr.,  Mr.  G.  K.  Gilbert,  General 
Carlo  Porro.  Professor  Penck  and  Professor  Kilian  were  elected  corresponding 
members  on  their  withdrawal  from  the  list  of  ordinary  members.  The  committee  lost 
by  death  two  of  its  important  members,  Professor  Eduard  Richter  of  Graz,  and  Profes- 
sor Israel  Russell  of  Michigan.  The  following  officers  were  elected  to  serve  until  the 
next  meeting  of  the  International  Congress  of  Geologists:  Honorary  President,  Prince 
Roland  Bonaparte,  of  Paris;  Active  President,  Professor  Dr.  Eduard  Briickner,  of 
Vienna;    Secretary,  M.  Ernest  Muret,  of  Lausanne. 

»  ZeUschrift  fOr  Gletscherkunde,  Vol.  I,  pp.  161-81. 

3  Report  of  Professor  Forel  and  M.  Muret. 


THE  VARIATIONS  OP  GLACIERS  49 

In  opposition  to  this  general  tendency  to  retreat  we  notice  that 
certain  glaciers  of  the  Oetzthal,  which  have  been  retreating  pretty 
rapidly,  are  now  retreating  more  slowly  and  some  of  them  are  even 
in  a  stationary  condition.* 

Italian  Alps. — ^The  Italian  glaciers  do  not  seem  to  show  any 
marked  variations,  but  the  general  tendency  is  to  retreat.* 

French  Alps. — ^The  glaciers  in  the  Grandes  Rousses  of  Dauphin^ 
are  in  general  retreat.  A  map  of  these  glaciers  on  a  scale  of  yirhnr 
is  now  being  made.  Measures  of  snowfall  in  the  Savoy  have  shown 
a  smaller  amount  in  the  winter  of  1904-5,  than  in  that  of  1903-4. 
Special  observations  on  the  Mont  Blanc  chain  have  shown  that  the 
greatest  snowfall  occurs  at  an  altitude  in  the  neighborhood  of  2,550 
meters.  The  glaciers  of  Mont  Blanc  and  the  Maurienne  show  a 
slight  retreat  though  there  are  indications  of  increased  activity  which 
later  may  bring  on  an  advance.  In  the  Vanoise  and  the  upper  valley 
of  the  Arc  the  glaciers  continue  to  retreat,  and  some  large  snow  fields 
have  disappeared;  others  have  been  broken  up  by  projecting  ridges 
of  rock. 

Pyrenees. — ^The  glaciers  in  these  moimtains  are  stationary  or 
retreating.  There  have  been  very  great  changes  since  the  middle 
of  the  last  century;  for  instance,  between  1855  and  1904,  the  glacier 
de  I'Est  has  retreated  1,140  meters  and  the  glacier  de  la  Brfeche,  1,230 
meters.  In  the  last  two  years  there  seems  to  be  an  increase  of  snow- 
fall on  these  glaciers.  The  disappearance  of  some  small  glaciers 
in  the  French  Alps  and  in  the  Pyrenees  has  been  injurious  to  agricul- 
ture on  account  of  the  decreased  quantity  of  water  available  for 
irrigation.  This  has  led  the  Minister  of  Agriculture  to  oflFer  pecuniary 
support  to  glacial  observations.^ 

Sweden  and  Norway, — One  glacier  was  observed  in  Sweden  in 
1905,  the  Mika,  and  it  has  retreated  three  to  four  meters.  In  Norway 
the  changes  have  been  mixed,  some  glaciers  have  retreated  and  some 
have  advanced.  The  three  glaciers  observed  in  the  Jostedal  have 
advanced  from  5  to  19  meters.^ 

«  Report  of  Dr.  H.  Angerer. 
«  Report  of  Dr.  F.  Porro. 

3  Report  oi  M.  Charles  Rabot. 

4  Reports  of  Dr.  F.  W.  Svenonius  and  M.  P.  A.  Oyen. 
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Russia. — In  the  mountain  chain  of  Peter  the  Great,  Boukhara, 
two  glaciers  show  an  advance  since  1899,  one  of  them  as  much 
as  64  meters.  One  in  the  Tian-Chan  shows  a  retreat  since 
1892. 

Caucasus, — Many  glaciers  have  been  visited  and  named;  the 
Bartui  has  steadily  been  retreating;  the  retreat  amounted  to  30  meters 
in  1 900-1,  12  meters  in  1902-3,  13.5  meters  in  1903-4.  The  glaciers 
of  the  Caucasus  seem  to  be  in  general  retreat.' 

British  Columbia  and  Alberta. — The  Dlecillewaet  glacier  continues 
to  retreat,  but  much  more  slowly;  it  lost  but  2  feet  6  inches  between 
1905  and  1906,  though  there  has  been  a  general  shrinking  in  the  volume 
of  the  ice.  The  tongue  of  the  Asulkan  glacier  is  slowly  melting  away 
under  the  moraine.* 

South  America. — A  short  description  of  the  glaciers  of  Poto,  just 
north  of  Lake  Titicaca,  Peru,  has  been  given  by  Otto  F.  Pfordte.^ 
The  San  Francisco  glacier  has  high  terminal  moraines,  but  the  present 
end  has  not  varied  much  since  the  Spanish  occupation,  as  shown  by  the 
ruins  of  houses  at  the  foot  of  the  cUflF,  where  the  glacier  now  ends. 
Old  observations  and  traditions  of  the  natives  indicate  that  the  snow- 
line is  gradually  receding  in  this  part  of  the  Andes,  which  accounts 
for  the  gradual  lowering  of  the  lakes.  Mr.  Bandelier,^  referring  to 
this  same  general  neighborhood,  states  that  the  glaciers  of  the  Bolivian 
Andes  have  been  in  slow  retrocession  for  a  number  of  years. 

Central  Africa. — The  Mubuhu  glacier  on  the  eastern  slopes  of 
Ruwenzori  is  apparently  in  retreat.  An  old  moraine  overgrown  with 
vegetation  may  be  recognized  some  500  meters  in  advance  of  the 
existing  tongue  of  the  glacier,  and  from  the  appearance  of  the  rocks 
nearby  it  would  seem  that  a  slow  retreat  is  now  in  progress  (1905). 
Morainic  lakes  have  been  observed  on  the  western  slope  below  the 
limits  of  the  present  glaciers  by  Dr.  Stuhlmann.^ 

«  Report  of  Colonel  J.  de  Schokalsky. 
'  Report  of  Messrs.  G.  and  W.  S.  Vaux. 

3  "The  Glaciers  of  Poto,  Peru,"  Proceedings  of  Eighth  ItUemational  Geographical 
Congress,  Washington,  1904,  pp.  497-500. 

4  Bulletin  of  the  American  Geographical  Society,  1905,  Vol.  XXXVII,  p.  454;  also 
Scottish  Geographical  Magazine,  1905,  Vol.  XXI,  p.  586. 

s  Report  of  Mr.  D.  W.  Freshfield. 
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REPORTS  ON  THE  GLACIERS  OF  THE  UNITED  STATES  FOR  1906* 

The  snow  fall  in  the  Rocky  Mountains  in  the  summer  of  1905  was 
very  heavy  and  perhaps  for  that  reason  the  Hallet  Glacier  shows  a 
slight  advance  (Mills),  But  there  has  been  a  slight  retreat  at  the 
north  end  of  Arapahoe  Glader,  which  is  not  far  from  the  Hallet 
(Henderson).  The  glaciers  in  the  Montana  Rockies  are  either  station- 
ary or  slightly  retreating  {Chancy).  A  small  glacier  reported  in 
Bighorn  Mountains  of  Wyoming  has  apparently  disappeared  (Salis- 
bury). 

On  the  north  bide  of  Mt.  Hood,  Washington,  Eliot  Glader  is 
diminishing  very  markedly.  The  ice  is  growing  much  thinner  at 
the  end  and  a  more  rapid  retreat  will  probably  appear  before  long. 
Some  of  the  snowfields  are  greatly  altered  and  the  ascent  of  the  moun- 
tain has  been  rendered  much  more  difficult  than  heretofore  (Mrs. 
LangiUe).  On  the  south  side  of  Mt.  Hood,  the  White  Glader  has 
diminished  in  thickness  but  does  not  seem  to  have  receded  materially 
(Montgomery).  Glader  Peak,  in  Washington,  was  climbed  last  sum- 
mer by  Mr.  C.  E.  Rusk.  He  found  that  the  gladers  showed  signs 
of  retreat  but  less  than  in  other  places  in  Washington;  these  gladers 
carry  comparatively  litde  ddbris.  Mount  Baker  was  visited  last  sum- 
mer by  the  Mazama  Qub,  of  Portland,  Oregon;  their  magazine  con- 
tained many  excellent  pictures  of  the  gladers  and  a  sketch  map  of  the 
moimtain,  showing  a  number  of  distinct  gladers,  but  no  information 
is  given  as  to  the  recent  changes.  When  this  mountain  was  visited 
in  1903  by  Messrs.  Rusk  and  Campbell  there  was  a  small,  well- 
marked  crater  at  the  summit,  about  50  feet  in  diameter,  from  which 
considerable  volumes  of  black  smoke  were  rolling  away.  In  1906 
this  vent  was  completely  filled  with  snow  and  no  evidence  of  its 
existence  appeared  except  a  slight  depression  in  the  surface  of  the 
snow  (Rusk). 

Last  sunmier  Messrs.  F.  E.  and  C.  W.  Wright  visited  Glader 
Bay  and  repeated  the  survey  which  was  made  in  that  region  in  1892. 
They  foimd  very  remarkable  changes  in  all  the  gladers.  The  only 
definite  information  we  have  had  of  any  of  these  gladers  since  1899, 

«  A  synopsis  of  this  report  will  appear  in  the  Twelfth  Annual  Report  of  the  Inter- 
national Committee.  The  report  d  the  glaciers  d  the  United  States  for  1905  was  given 
m  this  Journal^  Vol.  XIV,  pp.  406-10. 
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until  the  Messrs.  Wrigni's  risL  vas  due  to  a  trip  to  Muir  Glacier  by 
Messs.  Andinrs  and  Case,  in  Maj,  1903.  and  tfaer  reported  a  very 
considexable  recession  in  that  giader.'  The  report  of  the  Messrs. 
Wright  win  not  be  published  beiofe  next  winter  but  they  have  very 
kindly  prepared  an  abstract  of  die  facial  changes  whicji  they  observed 
asfoDows;' 

On  CDatparing  oar  map  widi  yoiir  map  of  1892,  the  foDofwing  ^^ 
apparent:  Beginning  widi  Mnir  Glader  and  its  tzibiitanes  die  ice  foot  has 
receded  a  mazimam  distance  of  about  33/xx>  feet;  Diit  Glader  is  no  longer  tidal; 
White  and  Adams  Glaciers  are  snpphing  Terr  little  ice  to  the  general  ice  field; 
Morse  Glader  tenninns  is  aboot  one  mile  from  tide  water;  the  crest  of  the  stagnant 
ice  mass  between.  Girdled  Glacier  and  Muir  Inlet  has  mehed  down  about  200 
feet  since  the  time  of  your  measurements;  Girdled  Glader  and  Berg  Lake,  how- 
ever, have  not  changed  materially  in  aspect  The  length  of  the  total  ice  front  of 
Muir  Glader  is  now  over  40,000  feet  instead  of  9,000  feet  in  1892.  The  present 
ice  front  passes  at  its  northern  extremity  at  about  the  position  of  your  1,000  feet 
contour  on  the  ice  of  1892.  This  remarkable  decrease  in  elevation  is  undoubtedly 
due  not  only  to  melting  down  but  also  to  breaking  down  of  the  eiqxised  ice  masses. 
The  ascent  of  the  ice  mass  at  this  point  is  decidedly  steep  and  the  ice  fairly  cascades 
into  the  water.  The  present  he^t  of  the  ice  fronts  of  all  the  tide  water  gjadeis 
u  about  the  same  as  noted  by  you  in  r892  (r5o^-25o0,  and  is  a  noteworthy  fact 
in  connection  with  these  glaciers.  Muir  Inlet  is  at  present  choked  by  the  ice 
pack  which  promises  to  remain  congested  so  long  as  its  source  of  supply  is  so 
active.  A  considerable  portion  of  the  present  front  of  Muir  Glacier  is  in  very 
shallow  water  and  in  a  few  years  should  decrease  in  size  very  materially  unless 
new  avenues  and  inlets  for  tidal  currents  are  exposed  by  the  receding  ice.  Dying 
Glader  is  still  creeping  back  and  wasting  away. 

Carroll  Glacier  has  not  changed  much  in  aspect  during  the  last  14  years;  its 
terminal  clifif  has  receded  about  2,000  feet  and  at  present,  apparently,  is  continuing 
to  do  so.  It  is  discharging  icebergs  very  slowly  and  Queen  Inlet  is  nearly  free  of 
ice. 

Rendu  Glacier  has  also  changed  but  little  and  its  front  is  about  2,000  feet 
back  of  its  position  in  1892.  This  Inlet  also  is  not  impeded  by  any  amount  of  ice. 
The  small  glacier  cascading  from  the  west  near  its  terminus  appears  to  have  chang^ 
still  less. 

In  Reid  Inlet  the  changes  have  been  very  great  and  things  are  still  moving  at  a 

«  C.  L.  Andrews,  "  Muir  Glacier,"  National  Geographical  Magamne,  1903,  Vol. 
XIV,  pp.  441-45,  and  this  Journal^  1904,  Vol.  XII,  p.  258.  The  positions  of  the  gla- 
ciers in  1899  are  described  by  G.  K.  Gilbert  in  the  Harriman  Alaska  Expedition, 
Vol.  III. 

•  A  map  of  this  region  accompanies  an  article  on  **  Glacier  Bay  and  Its  Gladers," 
in  the  Sixteenth  Annml  Report  of  the  United  States  Geological  Survey,  1894-95. 
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• 
rapid  rate  there.     The  inlet  was  congested  with  the  ice  pack  last  summer  and  on 
the  south  side  near  the  large  island  the  ice  jam  was  completely  frozen  over  and 
moved  as  one  mass  back  and  forth  with  the  tides. 

Grand  Pacific  Glacier  has  receded  and  left  the  large  granite  island  surrounded 
by  water.  It  has  receded  neariy  20,000  feet;  but  judging  from  the  amount  of 
ice  it  is  now  discharging  and  the  shape  of  its  valley  it  will  not  recede  so  rapidly  in 
the  next  few  years,  other  conditions  remaining  the  same. 

Johns  Hopkins  Glacier  has  receded  about  11,000  feet  and  is  still  sending  ofiF 
icebergs  at  a  rapid  rate.  The  unnamed  glacier  directly  east  has  become  detached 
from  it  and  is  much  like  Reid  Glacier  in  character  and  appearance. 

Reid  Glacier  has  receded  perhaps  5,000  feet  and  stiU  preserves  its  original 
aspect  as  indicated  on  your  map. 

The  small  d3ring  ^ader  between  Reid  and  Hugh  Miller  Glaciers  has  practic- 
ally disappeared.    At  least  no  ice  was  visible  in  the  rock  and  moraine  d^ris. 

Hugh  Miller  Glacier  no  longer  reaches  tide  water  in  Reid  Inlet  and  at  low  tide 
b  nearly  a  mile  back  from  it.  The  tide  flats  are  long  and  with  only  a  slight  grade. 
In  Hu^  Miller  Inlet  this  glacier  was  exposed  to  tide  water  only  in  the  southwestern 
bay,  where  its  front  is  intercepted  in  its  central  part  by  a  large  promontory  of  light 
colored  granite.  Eight  thousand  feet  is  approximately  its  amount  of  recession 
since  1893.  Charpentier  Glacier  also  receded  about  9,000  feet  and  promises  to 
continue  its  recession  rapidly,  especially  along  its  southern  front  as  its  valley  is 
opening  out  and  allowing  a  greater  exposure  of  ice  front  to  the  action  of  tide  water. 

The  small  stagnant  glacier  east  of  Charpentier  is  simply  melting  away  and 
wiU  probably  disappear  in  ten  or  twenty  years. 

Favorite  Glader  is  still  receding.  Wood  Glacier  is  no  longer  tidal  and  only 
a  small  part  of  Geikie  Glacier  ice  front  is  exposed  to  salt  water.  Geikie  Glacier 
has  receded  about  5,000  feet  during  the  past  14  years. 

On  the  whole,  recession  has  been  the  rule  for  the  glaciers  of  Glacier  Bay. 
Those  ^aciers  have  receded  most  whose  ice  fronts  have,  on  recession,  increased 
appreciably  in  length.  In  the  past  14  years  the  combined  ice  front  of  all  the 
graders  exposed  to  tide  water  has  increased  from  17,000  feet  to  over  40,000  feet 
and  the  amoimt  of  recession  has  in  that  time  alone  equalled  that  of  the  previous 
20  years. 

To  the  west  of  Glacier  Bay,  Brady  Glader  in  Taylor  Bay  has  receded  consider- 
ably. In  Lituya  Bay,  the  glader  at  the  northwestern  end  of  the  bay  has  advanced 
about  one-half  nule  since  1894;  the  central  and  southeastern  glaciers  have  appar- 
ently remained  unchanged  although  the  latter  may  have  advanced  slightly. 

The  two  gladers  at  the  ends  of  the  bay  were  reported  in  1894 
to  be  about  three  kilometers  in  advance  of  their  positions  of  1786. 
It  is  curious  that  the  gladers  of  Lituya  Bay  should  be  advandng, 
while  those  of  Glader  Bay,  about  fifty  kilometers  to  the  east,  are 
retreating  so  markedly. 
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• 
It  will  be  remembered  that  when  Professor  Tarr  visited  the  region 
about  Yakutat  Bay  in  1905  he  found  that  the  glaciers  showed  a 
general  tendency  to  retreat,  though  the  changes  were  not  very  great 
for  tide-water  glaciers.  When  he  visited  the  region  again  in  1906, 
remarkable  changes  had  taken  place.  The  Marvine  Glacier,  to 
the  west  of  Yakutat  Bay,  supplies  the  ice  for  the  eastern  part  of 
the  Malaspina  Glacier;  though  all  previous  explorers  had  found  it 
comparatively  smooth  and  easily  traversed,  it  had  become  greatly 
broken  and  crevassed.  The  glaciers  next  to  the  east,  the  Hayden  and 
the  Lucia,  showed  no  such  changes,  whereas  the  Atrevida,  next  to 
the  Lucia,  exhibited  changes  similar  to  those  of  the  Marvine.  The 
Seward  Glacier,  farther  west,  which  is  the  largest  glader  supplying 
the  Malaspina,  seemed  to  be  more  crevassed  than  it  was  when  crossed 
by  the  Duke  of  the  Abruzzi  in  1900,  but  was  not  broken  and  torn  like 
the  Atrevida  and  the  Marvine.  The  part  of  the  Malaspina  Glacier 
which  derives  its  ice  from  the  Marvine,  was  full  of  crevasses  for  a 
distance  of  twelve  to  fifteen  miles.  The  southern  border  of  the  Malas- 
pina Glacier,  which  was  formerly  stagnant  ice  completely  covered 
with  moraine  and  heavy  vegetation,  has  been  so  broken  up  that  great 
blocks  of  ice  are  falling  from  the  end,  the  moraine  is  sliding  oflF,  and 
the  trees  have  been  overturned.  The  Turner  Glacier,  which  enters 
the  western  side  of  Disenchantment  Bay  showed  no  decided  changes, 
whereas,  the  Haenke,  a  small  glacier  lying  immediately  north  of  the 
Turner,  was  advancing  into  the  water;  it  had  joined  the  end  of  the 
Turner  Glacier  and  had  thus  lengthened  the  ice  front  by  about  a 
mile.  The  great  Hubbard  Glacier,  which  comes  in  from  the  north, 
showed  no  change,  whereas  the  Orange  Glacier  immediately  to  the 
southeast,  which  in  1905  was  smooth  and  easily  traveled,  was  so 
broken  in  1906  that  even  the  lower  part  could  not  be  traversed,  and 
the  region  of  stagnant  ice  covered  by  moraine  had  been  transformed 
into  clear  ice,  crevassed  and  pinnacled.  That  these  remarkable 
changes  had  taken  place  between  the  summers  of  1905  and  1906  is 
clearly  shown  by  the  observations  and  photographs  of  Professor 
Tarr;  and  that  the  advance,  at  least  at  the  end  of  the  Malaspina 
Glacier,  was  still  in  progress,  was  shown  by  the  fact  that  the  over- 
turned trees  had  put  forth  their  leaves  in  the  early  summer  before 
being  uprooted.    The  fact  that  certain  glaciers,  presenting,  so  far  as 
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could  be  observed,  no  special  characteristics,  had  experienced  such 
changes,  whereas  adjoining  ones  had  not,  makes  it  evident  that  these 
changes  were  not  due  merely  to  general  climatic  conditions,  but  to 
some  special  cause.  Professor  Tarr  suggests  that  this  cause  was  the 
severe  earthquakes  which  occurred  in  this  region  in  September, 
1899,  and  which  brought  about  marked  changes  of  level,  in  some 
places  amounting  to  40  feet.'  Professor  Tarr  thinks  that  these 
earthquakes  shook  down  enormous  quantities  of  snow  and  ice  from 
the  surrounding  mountains  and  thus  added  so  large  a  supply  to  the 
reservoirs  or  to  the  upper  parts  of  the  dissipators  of  some  of  the  glaciers 
as  to  cause  a  sudden  and  great  increase  in  the  velocity,  resulting  in  a 
strong  thrust,  which  produced  abundant  crevasses.  Some  glaciers, 
on  account  of  the  forms  of  the  surroimding  moimtains,  may  not  have 
received  such  great  additions  to  their  masses;  and  others,  on  account 
of  greater  length,  may  require  several  years  before  the  change  is 
shown  in  their  lower  portions.  Professor  Tarr's  explanation  seems 
entirely  satisfactory  and  is  supported  by  the  observation  of  Mr. 
A.  H.  Brooks,  who  in  September,  1899,  was  on  the  eastern  side  of 
the  St.  Elias  chain  and  reports  that  he  heard  unusually  large  avalanches 
falling  from  the  mountains.  Examples  are  known  of  glaciers  which 
have  advanced  when  neighboring  glaciers  were  retreating,  due  to  the 
protection  of  their  surfaces  by  avalanches  of  snow  or  by  land  slides; 
but  the  present  case  seems  to  be  far  more  remarkable  than  any  hereto- 
fore reported  and  it  is  greatly  to  be  hoped  that  observations  will  be 
continued  and  the  future  changes  recorded.*  At  present  we  only 
have  sketch  maps  of  these  regions,  but  at  some  future  time,  when 
better  maps  are  made  we  may  be  able  to  show  more  clearly  the  causes 
of  the  dififerent  behavior  of  the  various  glaciers. 

«  Ralph  S.  Tarr  and  Lawrence  Martin,  "Recent  Changes  of  Level  in  the  Yakutat 
Bay  Region,  Alaska,"  BuUeiin  of  the  Geological  Society  of  America,  1906,  Vol.  XVII, 
pp.  29-64. 

*  Professor  W.  H.  Sheixer  has  described  some  moraines  in  the  Canadian  Rockies, 
made  up  entirely  of  large  blocks  of  rock.  He  thinks  that  this  material  may  have  been 
shaken  down  upon  the  glaciers  by  earthquakes.  See  "  Glacial  Studies  in  the  Canadian 
Rockies  and  SeDurks,"  Smilhsonian  Miscellaneous  ColleciionSt  1905,  Vol.  XLVII, 
Part.  4,  pp.  494-96- 
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T.L — LT  "s.LT'i  -5  j.iiajri  loK  i:  IT*  oorh  shcwe  of  Alaska, 
i::r::ii:j.:--  ^  Lj.-  -r=.  l,:CiL.  ui".  lai  a  h^idred  miles  west  of 
iiT  ji:-.n»-- liii.  iiZ'^z-iar--  I:  :?  co*  OE  Hx  innumerable  small 
iiliz  li  ■_:  l:  :ts:^z  \i^  rzdi^.  iKT^inz.  Par:  Banaw  and  Demarcation 
?:!":.  r  i^-ij:  ::  r:i.:z  iiiir  ^:al  i::  Banks  Land,  this  island  was 
:>.:•-.-  i?  :-.:  -^jz'.zt  i.irrtr?  :■:  'Ji-r  .\nz>i>- American  Polar  Expedi- 
:::-.  :;nr:iz:r:  :-.  Ji;.:.  Ejnir  Mlkkkscn,  and  the  writer. 

A  ::-:lr  ::  r^lr^  ::  'j-.t  sru'-i  lies  ie  mainland,  a  low  tundra 
plilr.  -.x".-." -"jT  sin-:  T'^^tcr.-  nilts  back  to  the  wvMintMns-  Both 
ih-i:  r:  ..--.lir.*  ir.  i  -Jir  :.%i*:il  zliir.  are  characteristic  features  of  the 
nor.r.vrr.  : ir.  ::  .\lij'.:i.  Fr:=:  Ca;^  Lisbum  on  the  west  coast  a 
chi:r-  '..:  n:: .:r.:a:zi  r.r^  t:is:-^,iri  :z:o  Canada,  separated  from  the 
oc-an  oy  a  T-lai-  r :  jTiiiir  cr  !-.>?  ^"iith.  At  Point  Barrow  the  plain 
is  ovrr  a  h-in  irv-:  n-.:!-.-?  -"!iv.  bu:  :*:  narrows  to  the  eastwaxd  until 
ai  Dt.-marcation  Poir.:  -.he  mountains  come  within  a  few  miles  of  the 
coart. 

^'Jpixi-iie  Flaxman  Island  the  nearer  mountains  have  an  elevation 
of  brlween  three  and  four  thousand  feet,  but  higher  peaks  can  be 
s<fn  bryond.  The  map*  gives  seven  thousand  feet  along  the  Arctic- 
Yiikcm  divide,  but  prospectors  estimate  it  higher.  From  this  chain 
srvrral  riv<rs  make  their  way  across  the  tundra  to  the  Arctic  Ocean. 
'I  III-  Covilh;  is  probably  the  largest,  but  the  Kugura  is  reported  to 
br  about  2H0  mihrs  long.* 

'I  hi"  roastal  plain  is  covered  with  moss  and  grass,  and  with  its 
|H)iid'.,  lakes,  and  swamj)s  forms  a  characteristic  tundra-  Near  the 
01  ran  il  iiiiiially  rnds  in  a  low  mud  cliff  which  seldom  reaches  a  height 
ol  thiiiy  bri.     Small  bays  and  lagoons,  behind  sand  spits  and  bar- 

•  Mn|i..l    \l,i-,k.i,  /'.  .v.  t  i'fohf^ituil  Snn'ry,  i(;o4. 

• '..  Iii.i.h  1,1    r  .  |'iMi,.v.i..naI  P;i|HT.  Nu.  20,  p.  31,  U.  S,  Geological  Survey. 
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rier  reefs,  fringe  the  shore,  while  at  a  distance  of  a  few  miles  occurs  a 
nearly  continuous  chain  of  islands.  With  two  exceptions  known  to 
the  writer  (Flaxman  and  Barter  Islands,  which  are  tundra)  these  are 
exposed  portions  of  a  wave-built  barrier  reef.  Inside  is  a  long 
shallow  lagoon  along  which  it  is  possible  for  light-draught  vessels  to 
make  their  way  for  miles,  protected  from  the  ice  pack. 

Flaxman  Island  is  about  three  miles  long  and  half  a  mile  wide, 
running  nearly  parallel  to  the  mainland.  Its  surface  is  a  tundra 
plain  about  twenty  feet  above  the  sea.    Ponds  are  scattered  over  the 


Fig.  I. — ^A  portion  of  the  coast  of  Flaxman  Island. 

surface,  and  large  crystalline  boulders  are  frequently  met  with  lying 
half  buried  in  the  soil.  Immediately  over  the  beach  the  plain  ends 
in  a  steep  mud  clifiF  which  is  broken  by  frequent  gullies.  The  beach 
itself  is  studded  with  boulders  which  are  seen  in  all  stages  of  being, 
weathered  out  of  the  cliff  as  it  recedes  imder  the  action  of  the  elements. 
Where  the  cliff  affords  a  good  exposure,  ice  is  nearly  always  seen 
inmiediately  imderlying  the  soil.  Usually  only  a  few  feet  are  found, 
but  on  the  northeast  shore  there  are  places  showing  at  least  twenty 
feet.  Nowhere  is  the  base  of  the  ice  exposed,  so  no  estimate  of  its 
thickness  can  be  made.    The  surface  waters  have  often  melted  little 
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canyons  into  the  ice  by  means  of  which  its  presence  can  be  traced  thii 
to  forty  feet  back  from  the  face  of  the  cliff.  About  thirty  yards  ba< 
near  the  winter  quarters,  the  writer  found  nearly  pure  fresh  wa 
ice,  after  digging  through  one  foot  of  soil,  and  the  same  amount 
frozen  clay.  It  is  the  intention  of  the  expedition  to  obtain  th 
winter's  supply  of  fresh  water  by  sinking  a  shaft  down  into  this  i 
at  the  same  time  learning  something  further  as  to  its  thickness  a 
constitution. 

Its  frequent  exposure  along  the  cliffs  and  its  presence  some  d 
tance  inland,  points  to  the  presumption  that  the  ground-ice  formati 
underlies  the  whole  island.  As  is  the  rule  in  arctic  regions,  t 
ground  remains  permanently  frozen  to  an  unknown  depth.  Only  t 
upper  foot  or  two  thaw  out  during  the  short  sununer.  At  Poi 
Barrow,  Lieutenant  Ray  dug  over  thirty-five  feet  down  without  pei 
trating  the  frozen  layer.  At  the  bottom  a  temperature  of  12®  F.  'w 
held  for  months.  This  being  the  case,  it  is  easily  imderstood  ho^ 
body  of  ice,  once  covered  with  a  few  feet  of  soil,  would  endure  a  vc 
long  time  in  the  Arctic  regions.  Practically  the  only  way  such 
island  as  this  can  be  destroyed,  is  by  wave-cutting  at  the  sides  and  t 
consequent  direct  exposure  of  the  ice  to  the  sun.  This  is  taki 
place  very  rapidly  on  the  seaward  side,  as  freshly  fallen  blocks 
peat  and  ice  show. 

Good  exposures  show  a  mass  of  clean  ice  with  an  occasional  d 
colored  band  running  haphazard  across  it.  There  is  no  appare 
stratification,  and  the  ice  is  very  clean  as  a  whole.  When  the  ice 
examined  closely  it  is  seen  to  be  full  of  minute  air  bubbles  and  to 
coarsely  granulated;  which  shows  that  it  could  not  have  been  form 
by  the  freezing  of  a  body  of  standing  water.  It  must  be  either  glad 
ice  or  snow  that  has  become  coarsely  granulated  by  great  age. 

A  single  glance  at  the  boulders  scattered  over  the  surface  bj 
weathered  out  along  the  beach  is  at  once  suggestive  of  glacial  dri 
Most  of  them  have  the  characteristic  outlines  of  glacial  boulders,  h 
many  arc  angular  from  the  shattering  action  of  the  intense  fro 
Their  lithological  heterogeneity  is  very  striking.  Among  the  crysti 
lines  it  seems  as  if  the  whole  gamut  were  run,  but  the  sedimentari 
seem  to  be  confined  to  quartzites  and  limestones.  The  quartzites  s 
the  most  conspicuous — pink,  red,  and  purple;  often  banded,  cnx 
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bedded,  or  conglomeratic.  Next  come  dark  crystallines  of  the  gabbro 
type,  then  pink  granites,  then  buff  limestones.  A  few  moments' 
search  revealed  abundant  striae,  not  only  on  the  limestones  but  on 
the  crystallines  as  well.  A  quarter  of  an  hour's  walk  along  the  beach 
showed  scores  of  boulders  so  definitely  striated  that  any  one  of  them 
would  settle  the  question  of  their  glacial  origin. 

It  next  remains  to  inquire  into  the  age  of  the  ice.  A  careful 
search  was  made  around  the  whole  border  of  the  island,  but  the  base 
of  the  ice  was  nowhere  visible.     It  cannot  be  denied,  then,  that  some 


Fig.  2. — ^Another  part  of  the  coast. 

of  the  boulders  might  have  come  from  beneath,  but  many,  and  i)rob- 
ably  most,  of  them  came  from  the  few  feet  of  till  that  lies  on  top  of 
the  ice.  Several  were  seen  with  ice  immediately  below  them  in  the 
face  of  the  cliff.  Consequently  there  seems  no  escape  from  the  con- 
clusion that  the  ice  is  of  equal  or  greater  age  than  the  glacial  till  that 
hes  above  it. 

Two  boulders,  approximately  ten  and  fifteen  inches  in  diameter, 
were  found  imbedded  in  the  ice  itself.  The  former  lay  in  the  lower 
portion  of  a  few  feet  of  ice  exposed  in  the  cliff;  the  latter,  thirty  feet 
back  from  the  face  of  the  cliff,  in  the  vertical  wall  of  clear  ice  that 
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formed  one  side  of  a  channel  melted  to  a  depth  of  five  feet  by  the 
surface  waters.  We  have  seen  that  the  ground  ice  probably  imder- 
lies  the  whole  island,  that  it  is  covered  with  glacial  drift,  and  contains 
boulders  imbedded  within  it;  so  the  conclusion  is  forced  upon  us 
that  our  island  is  simply  a  portion  of  a  glacier  that  has  been  kept 
from  melting  by  a  thin  coating  of  drift  upon  its  surface. 

Naturally  the  mountains  on  the  mainland  to  the  south  are  to  be 
looked  to  for  the  source  of  the  glacier  by  which  Flaxman  Island  was 
formed.    As  we  have  said,  a  chain  of  moimtains  about  three  thousand 


Fig.  3. — ^A  characteristic  exposure. 

feet  high  runs  parallel  to  the  coast  at  a  distance  of  some  thirty  miles 
inland.  Through  this  the  Kugura  River  breaks  after  heading  among 
the  higher  peaks  beyond.  As  seen  from  a  distance,  the  nearer  range 
does  not  seem  to  have  suffered  intense  glaciation.  It  certainly  was 
not  covered  by  an  ice  cap;  but  small  glaciers  may  have  occupied  the 
valleys  on  the  north  side.  The  presence  of  a  piedmont  glader  is 
not  improbable.  The  deep  cut  of  the  Kugura,  however,  in  its  rounded 
outline  has  a  heavily  glaciated  look,  and  it  is  here  that  we  must  look 
for  the  source  of  the  ice  that  forms  our  island. 

In  his  report  on  the  Koyukuk,  John,  Anaktuvuk,  and  Coville 
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Rivers,  Schrader'  deals  at  some  length  with  the  glaciation  of  the 
region. 

The  ^bicial  phenomena  that  have  been  described  tend  to  show  that,  although 
the  Endiootte  Momitains  do  not  on  the  whole  seem  to  have  been  overridden  by  a 
moving  ice  cap,  they  weze  doubtless,  especially  in  the  northern  part,  largely  occu- 
pied by  an  ioe  cap  or  perennial  nev^  constituting  a  breeding-ground  for  glaciers. 

The  mountains  he  traversed  reached  an  elevation  of  between  five  and 
six  thousand  feet  and  he  found  no  living  glaciers,  yet  a  heavy  body 
of  ice  pushed  northward  along  the  valley  of  the  Coville.    Around  the 


Fkj.  4. — A  striated  boulder  on  the  island. 

headwaters  of  the  Kugura  elevations  of  over  seven  thousand  occur, 
and  valley  glaciers*  of  considerable  size  are  reported  to  exist.  Taking 
these  things  into  consideration,  it  is  to  be  expected  that  the  basin  of 
the  Kugura  would  be  occupied  by  a  glacier  of  sufficient  magnitude 
to  push  thirty  miles  beyond  the  moimtains  and  reach  the  sea. 

The  presence  of  ground  ice  a  few  feet  below  the  surface  of  the 
tundra  is  a  characteristic  feature  of  the  Arctic  coastal  plain.  Dall^ 
is  of  the  opinion  that  it  is  a  widespread  phenomenon,  but  Schrader^ 

»  Op.  cil^  p.  91*  *  Schrader,  op.  cU.,  p.  30. 

3  W.  H.  Dall,  "Correlation  Papers,"  BuU.  U.  S.  Geological  Survey,  No.  84,  p.  92. 

^Op.  cii,,  p.  92. 
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doubts  its  general  occurrence.  However  widespread  it  may  ulti- 
mately prove  to  be,  it  is  certainly  an  interesting  feature.  Schrader's 
theory"  is  that  the  groimd  ice  is  the  result  of  "frozen  bays,  lagoons, 
lakelets,  or  perhaps  other  coastal  bodies  of  ponded  water  now  raised 
into  low  anticlines  and  cut  back  by  wave  action."  The  localities 
visited  by  him  were  Capes  Simpson  and  Halkett,  between  Point 
Barrow  and  the  Coville  River.  Here  the  ice  evidently  was  not 
glacial,  for  boulders  are  not  known  to  exist  on  the  beach  west  of 
Flaxman  Island.  An  inquiry  into  the  presence  of  air  bubbles  or 
granulation  would  soon  settle  the  question  as  to  whether  the  ground 
ice  in  that  region  could  be  accoimted  for  by  the  freezing  of  bodies  of 
standing  water. 

The  writer  believes  that  he  has  shown  that  the  groimd  ice  at 
Flaxman  Island  is  of  glacial  origin.  Its  occurrence  there  is  very 
similar  to  that  of  the  same  formation  elsewhere,  in  that  it  closely 
underlies  the  timdra  along  the  mud  clifFs  which  are  such  a  common 
feature  on  the  northern  shore  of  Alaska.  If  future  investigation 
shows  that  the  ice*  could  have  resulted  from  the  freezing  of  bodies  of 
standing  water,  the  explanation  given  by  Schrader  seems  the  most 
probable  one.  But  if  it  is  granulated,  the  writer  is  of  the  opinion 
that  its  history  will  be  found  to  be  connected  with  that  of  the  region 
during  the  glacial  period.  The  following  hypothesis  is  suggested: 

At  present  the  coastal  plain  is  free  from  snow  scarcely  three  months 
in  the  year.  During  the  glacial  period  the  snow  did  not  entirely 
disappear  during  the  short  summer,  but  accumulated  in  favorable 
localities.  As  the  climate  grew  warmer,  silt  was  brought  down  by 
the  mountain  streams  and  distributed  over  the  ice  by  the  wind. 
Moss  and  grass  quickly  took  root  and  increased  the  thickness  by  the 
formation  of  peat.  Wherever  this  covering  reached  a  suflSdent  depth 
the  ice  was  prevented  from  melting  and  has  remained  imtil  the  present 
day.  Where  the  thickness  was  insufficient,  the  ice  melted  leaving  the 
depressions  which  are  now  occupied  by  the  ponds  and  lakes  which  are 
such  a  characteristic  feature  of  the  tundra." 

The  temperature  of  the  plain  adjacent  to  the  Arctic  Ocean  is  kept 
in  the  neighborhood  of  freezing  by  the  presence  of  the  ice-laden 

« Op.  cU.,  p.  96. 

a  Schrader,  op.  cit.^  p.  46. 
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waters.  Inland  the  temperature  is  much  higher.  Schrader*  reports 
the  water  of  the  CoviUe  as  being  52®  F.  near  where  it  leaves  the 
moimtains.  Consequently  not  only  would  the  accimiulation  of  snow 
be  greater  near  the  coast,  but  the  subsequent  melting  less.  The 
groimd  ice  should  therefore  be  confined  to  a  narrow  belt  along  the 
coast. 

October  15,  1906 
« Op.  cU^  p.  129. 


A  NOTE  ON  THE  GEOLOGY  OF  THE  COSO  RANGE, 
INYO  COUNTY,  CAL. 


JOHN  A.  REID 
Stdbkton,  CaL 


The  completion  of  the  geological  history  of  the  Sierra  Nevada  and 
associated  ranges  appears  to  rest,  for  practical  reasons,  upon  the 
determination,  at  different  times  and  in  different  places,  of  the  neces- 
sary facts.  It  is  with  this  in  mind  that  the  writer  presents  the  follow- 
ing data,  ascertained  on  a  recent  short  business  trip.  It  is  hoped  that 
others  may  be  fortunate  enough  to  be  able  to  dig  more  deeply  into 
the  rocks,  both  in  the  locality  described  and  elsewhere  in  the  adjacent 
regions. 

The  Coso  Range  lies  between  the  Sierra  Nevada  on  the  west  and 
the  Darwin  or  Argus  Range  on  the  east,  separated  from  each  by  a 
long  narrow  valley.  At  the  north  end  the  Coso  Range  forms  the 
south  boundary  of  Owens  Valley,  and  extends  thence  southerly  along 
its  main  axis  for  about  forty-five  miles.  The  greatest  width  at  the 
north  is  twenty  miles  (see  map.  Fig.  i).  A  number  of  general  state- 
ments have  been  made  regarding  this  peculiar  range,  with  but  httle 
in  detail. 

From  whatever  point  of  view  seen,  the  Coso  Range  is  strikingly 
different  in  appearance  from  the  surrounding  moimtains.  Fig.  2 
shows  the  Range  looking  south  from  Keeler.  The  tjrpical  appearance 
is  here  well  outlined.  The  flat,  nearly  horizontal,  sky  line,  with, 
in  general,  gentle  slopes  to  the  bordering  valleys,  give  an  air  of  maturity 
not  found  in  the  precipitous  fault  scarps  of  the  Basin  Ranges.  One 
comparatively  small  scarp  is  seen  in  the  eastern  part  of  the  range, 
facing  northeast,  and  its  supplementary  scarp  occurs  in  the  western 
portion.  The  form  of  the  whole  is  that  of  a  very  flat  elliptical  dome, 
with  its  longer  axis  lying  north  and  south.  The  periphery  of  this 
dome  grades  into  the  surrounding  valley  alluvium.  The  northern 
and  western  flanks  are  largely  covered  with  basalt  flows;  the  eastern 
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Fig.  I . — Sketch  map  of  region  surrounding  the  Coso  Range. 
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side,  facing  Coso  Valley,  is  free  from  these  late  volcanics.  From 
Darwin,  elevation  4,746  feet,  on  traveling  westward,  there  comes 
first  a  long  alluvial  slope  of  about  five  miles,  with  small  granite  knobs 
and  low  hills  rising  slightly  above  the  surface.  Fig.  3  gives  a  view 
south  of  Darwin,  showing  a  long  eastern  spur  of  the  Coso  Moimtains 
which  extends  sufficiently  far  to  show  the  effects  of  the  faulting  along 
the  Coso  Valley  line.  The  contrast  between  the  low  granite  hills 
and  the  fault  topography  of  the  Darwin  Range  is  very  evident. 


Fig.  2. — View  of  Coso  Range  looking  south  from  Keeler.  Shows  east-west  profile 
of  range  and  east  fault  scarp.  The  low  basalt  ridge  connecting  the  Coso  and  Inyo 
ranges  is  seen  at  left. 

From  the  upper  edge  of  the  alluvial  apron,  an  elevation  of  5,200  feet, 
the  granite  rises  gradually  westward  for  2  miles  to  the  foot  of  the 
fault  scarp  shown  in  Fig.  2,  at  an  elevation  of  approximately  5,500 
feet.  Above  this  base  the  range  rises  about  1,900  feet.  The  fault 
scarp  itself  is  less  than  1,000  feet,  though  originally  it  may  have 
been  much  more.  From  the  east  fault  the  east-west  profile  of  the 
range  is  well  shown  in  Fig.  2,  with  the  gradual  merging  of  the  dome 
into  the  western  valley.  The  north-south  profile,  see  Fig.  4,  is 
similar,  with  Coso  Peak  as  the  center  and  highest  point.    The  present 
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height  and  character  of  Coso  Peak  are  due  in  part  to  faulting;  prob- 
ably it  is  also  near  the  original  center  of  the  granitic  dome. 

The  granitic  slopes  descend  on  the  cast  and  disappear  beneath 
the  alluvial  apron.  But  there  are  several  important  facts  to  be  noted 
concerning  this.  In  the  slopes  just  west  of  Darwin  the  alluvium  is 
deeply  trenched  by  present  wet  weather  streams.  This  trenching 
varies  from  a  few  feet  in  Coso  Valley  (see  Fig.  3)  to  75  feet  or  more  in 
the  low  hills.     The  same  dissection  of  alluvial  aprons  and  fans  is 


Fio.  3, — ^View  south  over  Darwin,  showing  low  Coso  hills  at  right,  and  fault 
topography  of  Darwin  Range  to  left.  Wet-weather  stream  wash  in  middle  distance 
over  Darwin. 

found  along  the  east  base  of  the  Sierra  Nevada  as  far  north  at  least 
as  Carson  City,  Nev.,  and  indicates  a  widespread  climatic  change. 
The  conditions  of  large,  heavily  loaded  torrential  streams  have  been 
rej^ced  by  those  of  small,  lightly  loaded  wet-weather  ones. 

In  the  Coso  hills  the  stream  gullies,  locally  termed  washes,  have 
exposed  the  nature  of  the  material  lying  upon  the  granite.  The 
surface  layer  is  a  coarse,  angular,  granitic  sand,  showing  no  traces 
of  water  action.  That  lying  lower,  on  the  crystalline  base,  varying 
in  thickness  from  ten  to  thirty  feet  where  seen,  is  stratified,  and  dips 
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\trf  gL-ady  :o  the  e^s:.  Tnesc  beds  are  water-laid  granitic  sands 
of  iner  srain  "ji^in  :hc  unscrted  srjn  above.  They  average  six 
inches  :n  thickness. 

Tnesc  -^.iter-bid  srrata  niish:  cxciie  l::Ue  more  than  passing  notice 
•.vere  ::  no:  for  :hc  lac:  '^d:  :hey  belong  to  an  extensive  formation. 
In  traveling  to  Dar\v:n  from  KcxIlt  :hc  road  traverses  the  beds  of 
the  present  lake  to  the  north  edgv  of  the  basalt  flows  shown  in  Fig.  4. 
The  oldt-r  Owt-ns  Lake  cut5  a  ?r.ull  cliiT  in  the  volcanic  about  150 


^ 

w^^ 

t^^t 

•  ^.     ^.  ^ 

Fir..  4. — \'icw  of  Co<o  Rangf  li Hiking  <inuh\vi"4i  frt)m  high  end  of  Inyo  Range. 
Basalt  ridge  in  right  center  rest?  <»n  lake  lx-«l>  at  south  edge,  and  is  notched  by  older 
Owen*;  Like  on  north.  Basah  ?ho\v>  much  fauhing.  The  white  area  south  of  basalt 
ridge  is  coniy)Osed  of  lake  beds  with  stime  recent  alluvium.  Coso  Peak  in  left  center, 
snow  caj^prd.     Sierra  Nevada -^>n  extreme  right. 

feet  hij^htT  llian  the  pn-scnt  \v:itcT  Icvd.  Three  well-formed  beaches 
are  ]>rLScrvf(l,  witli  a  numlxT  of  smaller  imperfect  ones.  Southward 
the  basalt  is  found  lyin£^  uix)n  ratl\er  coarse  sands  stratified  poorly 
at  the  top  and  well  bedded  below.  These  beds  are  granitic  where 
examined,  with  traces  of  volcanic  ash.  Some  finely  stratified  fine- 
jrrained  beds  occur  in  the  lower  part  of  the  formation  near  the  center 
of  the  valhy,  which  seem  to  contain  considerable  ashy  material; 
also  some  few  small  pebbles  of  schist  and  finer  detritus  of  like  nature 
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are  found,  but  no  such  rocks  were  noted  in  place.  The  greatest 
thickness  of  the  beds  is  about  two  hundred  feet,  with  the  base  not 
exposed.  In  areal  extent  they  persist  from  the  basalt  ridge  on  the 
north  (see  Fig.  4)  to  a  low  easterly  spur  of  granite  about  eight  miles 
north  of  Darwin.  From  this  ridge  southward  the  beds  were  not  seen 
except  in  the  exposures  west  of  Darwin.  The  highest  elevation  is 
on  the  low  granite  spur,  60  feet  above  the  bench  mark  of  the  U.  S. 
Geological  Survey  marked  elevation  5,101  feet.     Here  the  section 


Fig.  5. — ^Basalt-covered  low  south  end  of  Inyo  Range,  looking  southeast  from 
Keeler.  Shows  the  intense  faulting  of  the  late  basalt  flows  resting  on  the  old  scdimen- 
taries  and  Tertiary  lake  beds  low  down. 

is  small  but  complete.  On  the  crystalline  base,  nearly  horizontal, 
is  roughly  one  hundred  feet  of  well-stratified  granitic  sandstone,  with 
one  foot  of  reddened  material  at  the  top,  overlaid  by  basalt.  There 
is  a  slight  northerly  dip.  Just  south  of  the  point  of  greatest  elevation 
the  stratified  rock  lies  horizontal  at  a  lower  elevation. 

In  the  basalt-covered  portion  of  the  low  south  end  of  the  Inyo 
Range  similar  arenaceous  beds  are  burned  by  volcanic  flows  (see 
Fig.  5).  East  of  Keeler,  above  the  deposits  of  the  older  Owens  Lake, 
occurs  a  large  amount  of  sand,  which  may,  and  probably  does,  repre- 
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sent  a  northerly  continuation  of  the  same  beds.  In  general  these 
beds  dip  slightly  to  the  north;  locally  they  are  either  gently  folded, 
or  broken  and  faulted  near  the  basalt  flows.  The  lowest  elevation 
of  their  exposures  is  3,760  feet,  south  of  Keeler;  the  highest  is  5,160 
feet,  nearer  Darwin.  This  gives  a  vertical  range  of  at  least  1,400  feet 
and  a  height  above  the  present  lake  of  1,560  feet.  Lake  beds  are 
noted  by  Fairbanks,'  occurring  on  the  west  flank  of  the  Coso 
Range,  which  correspond  in  elevation  with  those  on  the  east. 
These  lake  deposits  probably  extended  northward  and  joined  with 
those  of  Wancobi  Lake  of  Walcott.'  Spurr^  has  given  a  brief  r&um^ 
of  the  existing  knowledge  of  these,  and  concludes  that  no  local  faulting 
has  been  the  cause  of  the  elevation  of  the  Wancobi  beds.  In  the  Coso 
strata  many  small  faults  have  occurred,  but  it  is  very  doubtful  if  their 
present  position  is  due  in  the  main  to  differential  motion  of  the  under- 
lying rocks.  If  this  be  so,  it  is  entirely  probable  that  one  large  lake 
existed  over  this  region,  as  Spurr^  concludes,  which  was  drained  by 
tilting  north  and  south  from  a  point  in  the  vicinity  of  Mono  Lake.  At 
this  latter  locality  the  beds  are  at  elevation  7,100  feet;  at  Wancobi  em- 
bayment  7,000  feet;  and  near  Darwin  at  5,200  feet.  These  figures 
would  indicate  a  differential  tilting,  which  combined  with  the  fact 
of  much  faulting  of  the  basalt  overlying  the  lake  beds  southeast  of 
Keeler  (see  Fig.  5),  makes  it  very  probable  that  local  elevation  in  the 
Inyo  Range  has  caused  a  part  of  the  present  elevation  of  the  lacustrine 
formation. 

A  further  point  noted  in  the  stream  gullies  west  of  Darwin  is  that 
the  granite,  though  showing  no  faults  of  size,  is  intensely  fractured 
as  if  squeezed  between  powerful  jaws.  The  complexity  of  these  small 
movements  is  well  shown  by  the  quartz  veins,  which  are  most  intri- 
cately displaced  in  small  blocks.  The  prevailing  mode  of  this  dis- 
placement consists  of  a  series  of  northeast-southwest  faults  dipping 
northerly,  along  which  the  north  walls  have  moved  westward.  The 
best-developed  joints  strike  N.  40  W.  with  a  dip  of  85**  northeast. 
The  rocks  arc  deeply  weathered,  with  the  surface  covered  by  rounded 
boulders  of  disintegration. 

I  American  Geologist^  Vol.  XVII,  p.  69. 

»  Journal  oj  Geology^  Vol.  V,  pp.  340-48. 

3  BuUetin  2o8y  U.  S.  Geological  Survey,  pp.  209,  210. 
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Of  the  rocks  themselves  no  detailed  petrographic  investigation 
seems  to  have  been  made.  The  various  writers  have  described  them 
as  granitic,  with  basalt  flows  north  and  west.  The  granite  of  the 
dome  has  the  characteristics  of  the  intrusive  granodiorite  of  the  Sierra 
Nevada,  and  ranges  from  a  basic  homblende-biotite  granite  to  a 
diorite.  Traces  of  an  older  basic  diorite  are  included  in  the  normal 
fades.  A  few  dark-colored  basic  dikes  and  a  great  number  of 
pegmatite  dikes  also  occur.  Dikes  of  dioritc-porphyritc  are  found, 
striking  in  general  north  and  south.  These  are  frequently  andcsitic 
in  character.  The  basalt  flows  are  agglomeratic  at  the  base,  grading 
upward  to  massive,  often  vesdcular,  at  the  top.  Some  of  the  earlier 
mud  flows  picked  up  considerable  sandy  material  from  the  lake  beds. 
The  quartz  veins  are  small  and  in  two  series,  of  different  ages  and 
characteristics  in  the  localities  visited.  The  older  veins  strike  north- 
west and  southeast  and  bear  evidence  of  having  been  formed  at  great 
depths,  the  present  veins  being  but  the  roots  of  the  original  ones. 
The  gangue  is  quartz,  with  strong  alteration  of  the  granite  walls. 
This  alteration  is  shown  by  the  development  of  large  plates  of  biotite 
and  the  recrystallization  of  the  constituents  of  the  grano-diorite  for 
a  short  distance  from  the  vein.  The  ores  are  pyrite  and  chalcopyrite, 
carrying  some  gold.  The  later  quartz  veins  strike  northeast  and 
southwest.  The  granite  near  the  veins  is  metasomatically  replaced 
by  silica  at  times.  The  ores  are  pyrite,  chalcopyrite,  sphalerite,  galena, 
sulphantimonides  of  silver  and  lead,  and  finely  divided  free  gold  rich 
in  silver.  These  veins  are  connected  genetically  with  the  intrusions 
of  the  diorite-porphyrite,  as  seen  in  exposures  studied  in  the  Inyo 
Range  to  the  north. 

The  Coso  Range  is  peculiar  in  that  its  line  of  evolution  did  not 
wholly  follow  those  of  the  surrounding  ranges.  The  first  uplift  was 
simultaneous  with  the  intrusion  of  the  Sierra  Nevada  batholith, 
after  which  it  was  probably  a  range  of  ^reat  height  and  geographic 
importance.  It  must  at  that  time  have  formed  a  southeast  extension 
of  the  older  Sierra  Nevada,  though  probably  as  a  distinct  range 
underlaid  by  an  intrusive  granitic  dome.  The  overlying  scdimcntaries 
were  removed  almost  entirely  by  erosion  before  Tertiary  faulting  broke 
a  long  stable  condition  of  the  crust  and  formed  lake  basins  along 
the  east  flank  of  the  Sierra.    The  lines  of  this  faulting  were  such 
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that  the  Coso  Range  became  a  very  distinct  unit,  one  main  fault 
going  to  the  west  and  forming  the  east  wall  of  the  Sierra,  another 
passing  to  the  east  and  forming  the  west  wall  of  the  Darwin  Range 
(see  Fig.  i).  The  large  lake  in  which  the  Wancobi  and  Coso  beds 
were  deposited  was  formed  at  this  time,  and  granitic  detritus  deposited 
from  the  Coso  Mountains  in  the  arm  north  of  Darwin.  The  occurrence 
of  the  few  fragments  of  schist  indicates  that  the  last  remains  of  the 
older  rocks  in  the  body  of  the  range  were  removed  just  previous  to, 
and  in  [part  coincident  with,  the  draining  of  the  lake.  The  only 
locality  where  the  older  rocks  yet  remain  is  in  an  east-west  ridge 
about  eight  miles  north  of  Darwin  and  just  east  of  the  low  granite 
spur  noted  above  as  marking  a  south  limit  of  the  lake  beds.  On  this 
east-west  ridge  of  older  rocks  is  exposed  a  magnificent  section  about 
a  mile  thick,  the  strata  dipping  imiformly  east  at  about  45°.  No 
time  could  be  given  to  an  examination  of  these  rocks.  The  older 
lake  basin  was  eventually  drained  by  further  movements  along  the 
fault  planes,  and  basalt  eruptions  covered  the  west  and  north  flanks 
of  the  Coso  Mountains,  the  south  end  of  the  Inyo  Range,  and  a  large 
area  of  the  lake  beds  south  of  Keeler.  As  some  of  the  basalt  lies 
upon  imstratified  sands  which  are  above  the  lake  strata,  the  lake  must 
have  been  partly  drained  previous  to  the  initiation  of  the  volcanic 
flows. 

Still  later  faulting  along  the  old  lines  produced  further  elevation 
of  the  Inyo  Range  and  differential  movements  of  the  lake  beds  along 
this  sierra.  Through  it  all  the  Coso  Range  was  faulted  only  by  small 
displacements,  caused  by  its  position  between  the  two  great  converging 
faults  to  east  and  west.  Thus  these  comparatively  insignificant 
mountains  stand  as  a  monument  of  the  older  geologic  time  when  the 
western  cordillera  was  composed  of  low  mature  ranges  not  character- 
ized by  the  excessive  and  great  faulting  seen  today. 


A  NATURAL   BRIDGE  DUE  TO  STREAM  XIEAXDERIXG 


V.  H.  BARNETT 


Natural  bridges  were  origmally  referred  to  the  ageno'  of  ca\'ems» 
as  explained  in  Scott's  Geology^  and  most  of  the  less  recent  works. 
Scott  ^ves  the  Natural  Bridge  of  Mrginia  as  an  example  of  this 
method  of  fonnaticm,  and  it  was  not  until  1893,  ^hen  Walcott'  des- 
cribed the  bridge,  that  it  was  considered  as  having  been  formed  in 
another  wav.  Qeland^  has  reviewed  se\'eral  methods  of  origin  in 
an  aitide  in  the  American  Journal  of  Science,  but  so  far  as  the  iB\Titer 
knows  none  have  ever  been  described  as  being  due  to  stream 
meai^ering. 

The  bridge  here  described  is  located  south  of  the  White  River 
below  the  mouth  of  Porcupine  Creek,  in  South  Dakota,  and  was 
visited  by  the  writer  in  1905,  while  working  as  field  assistant  to  Pro- 
fessor E.  S.  Riggs,  of  the  Field  Colimibian  Museum.  It  is  formed 
of  White  River  beds.  The  opening  of  the  archway  is  about  12  feet 
hi^  by  8  feet  wide,  and  the  thickness  of  the  arch  is  something  like 
10  feet  in  a  vertical  direction  by  7  feet  in  a  horizontal.  The  left 
side  of  the  picture  (Fig.  i)  is  the  canyon  wall,  while  on  the  right  a 
pillar  supports  one  end  of  the  arch.  The  stream  which  formed  this 
natural  bridge  once  flowed  on  the  outer  side  of  the  pillar,  but  making 
a  sharp  bend,  it  flowed  just  in  front  of  the  pillar  to  a  point  inmiediately 
under  the  near  edge  of  the  arch,  where  it  turned  and  flowed  along  the 
foot  of  the  wall  toward  the  front  of  the  picture.  The  position  of  this 
bridge  is  such  that  it  was  very  difficult  to  photograph  it  so  as  to  show 
its  true  relation  to  the  stream.  Between  the  foreground  on  the  right, 
covered  with  weeds,  and  the  pillar,  one  side  of  which  only  is  shown, 
is  the  old  chaimel  of  the  stream.    The  gorge  is  about  30  foot  deep, 

>  W.  B.  Scott,  An  IntroducHim  to  Geology,  pp.  90,  91. 
*  National  Geographical  Magatine,  VoL  V,  1S93,  p.  59. 
3  American  Journal  of  Science,  4th  ser.,  Vol.  XX,  1905,  pp.  119-24;  3  ^S^- 
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with  almost  vertical  walls.  The  rock  is  a  hard,  rather  blocky,  light- 
blue  clay,  showing  typical  bad-land  topography  and  weathering  rather 
rapidly,  though  not  as  fast  as  the  softer  maroon  clays  of  the  Oreodon 


Fig.  I. — A  natural  bridge  south  of  White  River  below  mouth  of  Porcupine  Creek, 
South  Dakota. 


beds.  The  bridge  was  formed  in  the  following  method :  Flowing  in 
the  direction  indicated  by  the  arrows  in  Fig.  2,  and  taking  the  course 
of  the  dotted  lines,  the  stream  kept  cutting  in  on  the  narrow  ridge  at 
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A  from  both  sides,  until  it  had  eaten  its  way  through,  thus  straighten- 
ing its  channel  but  leaving  a  pillar  (5)  supporting  an  arch  overjhe 
stream. 


L 

Fig.  2. — A  drawing  to  illustrate  the  way  in  which  the  natural  bridge  was  formed. 
The  view  (Fig.  i)  was  taken  from  a  position  indicated  by  the  cross  and  l(X)king  in  the 
direction  of  the  arrow. 


STRIATIONS  IN  GRAVEL  BARS  OF  THE  YUKON 
AND  PORCUPINE  RIVERS,  ALASKA' 


V.  H.  BARNETT 


The  presence  of  furrows  in  gravel  bars  of  spreading  and  meander- 
ing streams  in  Alaska  seems  not  to  have  been  mentioned  in  the  litera- 
ture on  Alaskan  geology. 

These  channels  may  be  seen  on  the  extensive  bars  of  the  Yukon 
and  of  the  Porcupine  rivers  throughout  the  Yukon  Flats.  The 
bars  are  remarkably  well  developed  along  the  Porcupine  for  about  a 
hundred  miles  above  its  union  with  the  Yukon  and  in  low  water  they 
are  exposed  as  broad,  gravelly,  and  sandy  beaches  from  one  to  five 
miles  in  extent.  These  extensive  bars  give  excellent  opportunity  to 
observe  the  striations.  An  uprooted  tree  is  often  seen  lodged  on  a 
bar  with  a  channel  marking  its  trail  (Fig.  i). 

Three  hypotheses  may  be  oflFered  in  explanation  of  these  furrows: 
first,  that  they  are  caused  by  tree  trunks  held  firmly  to  the  river  bottom, 
either  by  accumulated  debris  or  ice,  and  moved  forward  by  the  force 
of  the  stream;  second,  that  they  are  caused  by  blocks  of  ice  beneath 
a  load  or  ice  jam  and  moved  forward  in  the  breakup;  or,  third,  that 
they  are  due  to  trees  passing  over  bars  only  partly  supported  by 
water,  the  current  banking  up  behind  the  stump,  though  having  suf- 
ficient force  to  push  slowly  along,  yet  not  able  to  remove  the  marks  of 
the  tree. 

The  third  method  would  seem  a  simple  explanation  for  the  origin 
of  the  furrow  shown  in  Fig.  i.  Here  an  uprooted  pine  tree  may 
be  seen  at  the  down-stream  side  with  a  straight  furrow  passing  up 
stream. 

It  does  not  seem  to  the  writer  that  any  accumulation  of  debris 
that  might  collect  in  the  roots  of  a  tree  would  be  competent  to  hold 
it  to  the  bottom  with  sufficient  force  to  make  the  furrows  shown  in 

«  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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Fig.  2.  The  force  of  the  water  would  tend  to  relieve  the  roots  of  any 
material  competent  to  sink  the  tree,  such  as  rocks  or  frozen  earth. 
The  only  other  material  at  hand  to  which  one  might  ascribe  such  a 
force,  is  ice. 

There  is  evidence  that  during  the  ice  breakup  of  spring,  great 
pressure  is  exerted  on  the  banks  and  shallow  portions  of  the  stream.* 

At  a  number  of  places  last  summer  the  writer  observed  talus  where 


Fig.  I 


rock  fragments  were  pressed  into  a  pavement.  These  were  seen  both 
along  the  Yukon  and  along  the  Porcupine  rivers.  Russell^  in  his 
paper  on  the  surface  geology  of  Alaska  speaks  of  the  river  ice  as 
producing  pavements  of  pebbles  along  the  banks  and  of  the  pebbles 
being  faced  and  striated  on  their  upper  side.  These  pavements  occur 
between  the  high-water  and  low-water  lines,  and  as  the  water  was  low 

»  For  an  account  of  the  "breakup"  see  F.  C.  Schrader,  "Professional  Paper,*' 
U.  S.  Geological  Survey  No.  20,  1904,  pp.  15,  16.  Abo  see  Stoney,  Naval  Explora- 
tion in  Alaska  J  U.  S.  Naval  Institution,  Annapolis,  Md.,  1900,  p.  52. 

a  Bulletin  of  the  Geological  Society  of  America,  Vol.  I,  1890,  pp.  119,  120. 
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at  the  time  of  the  writer's  visit,  an  excellent  opportunity  was  presented 
to  observe  them.  The  pa^xments  are  composed  of  variously  sized 
rock  fragments,  from  a  few  inches  in  diameter  up  to  two  or  three 
feet,  sometimes  water-worn,  but  more  often  angular,  with  their  upper 
side  smooth  and  striated  parallel  to  the  stream. 

There  seems  no  doubt,  therefore,  that  moving  ice  if  equipped  with 
proper  means  could  produce  the  furrows  observed  in  the  gravels. 


Fig.  2 

Cut  banks  occur  on  one  side  or  the  other  of  the  rivers  throughout 
the  flats,  from  which  spruce  trees  are  certainly  tumbling  during 
summer.  An  uprooted  tree  held  to  the  river  bank  by  some  of  its 
roots  would  serve  as  a  lodgment  for  drifting  trees  and  the  whole 
mass  would  be  frozen  in  the  ice  as  it  formed.  In  the  spring,  with  the 
heavy  pressure  of  an  ice  jam,  the  mass  would  be  dragged  along  intact, 
producing  such  forms  as  shown  in  Fig.  2,  but  ice  blocks  caught  in 
the  jam  probably  occupy  an  equally  important  place  in  the  origin  of 
these  lines. 


CAUSES  OF  PERMO-CARBONIFEROUS  GLACIATION 

The  article  by  David  White  on  "Permo-Carboniferous  Climatic  Changes 
in  South  America''  in  a  recent  number  of  this  Journal  contains  a  discus- 
^on  of  the  causes  of  that  remarkable  period  of  glaciation.  One  section  of 
the  article  is  headed,  " Elxaggerated  Temperature  Effects  of  Elevation" — 
a  heading  that  seems  to  me  more  appropriate  than  the  author  presumably 
intended  it  to  be;  for  the  temperature  effects  of  elevation,  as  a  cause  of  the 
Permian  ^^aciation  of  South  Africa  at  least,  appear  to  be  greatly  overrated 
in  the  argument  there  set  forth. 

It  is  not  to  be  questioned  that  elevation  of  that  part  of  South  Africa 
fnun  whidi  the  Permian  ice  sheet  spread  across  the  neighboring  lower 
lands  woidd  have  been  an  efficient  cause  of  lower  temperature;  but  at 
pieiaiit  the  diieC  evidence  of  elevation  is  the  need  of  it  in  the  climatic  argu- 
moit;  and  ne  aze  not  yet  in  the  position  of  having  so  effectually  excluded 
a&  otfaer  causes  of  {^aciation  as  to  warrant  the  acceptance  of  the  elevation 
of  die  ana  of  glacial  dispersion  on  the  ground  that  no  other  possible  cause 
remaiiia.  It  b  true  thatjthe  idea  of  great  elevation  of  the  area  of  dispersion 
was  Gunmt  among  geologists  in  South  Africa  when  I  was  there  in  1905; 
but  on  inqiiiriDg  more  particularly  for  the  evidence  in  favor  of  this  idea, 
^  tbat  appeared  to  be  nothing  more  than  its  assumed  necessity. 

Two  jtMSODS  are  assigned  by  White  as  indicative  of  land  elevation: 
"The  enormous  accumulations  of  coarse  conglomeratic  material  in  the 
eastern  regions  testify  to  the  steep  gradient  of  the  drainage  systems," 
and  "The  presence  in  nearly  all  regions  of  the  great  unconformity  is  itself 
evidence  of  the  vigor  of  the  post-Carboniferous  uplift"  (p.  631).  As  I 
see  the  case,  neither  of  these  reasons  can  be  applied  with  force  to  South 
Africa. 

As  to  the  first  of  these  reasons:  the  Dwyka  tillite  or  glacial  conglomerate 
of  South  Africa  is  itself  the  chief  conglomeratic  deposit  of  great  series  of 
continental  formations  in  which  it  is  the  basal  member;  the  other  members 
are  largely  sandstones  and  shales;  the  Ecca  formation,  which  follows  the 
Dwyka  more  or  less  conformably,  contains  coal  seams,  which  testify  to 
gentle  gradients,  not  to  steep  gradients  in  the  stream  systems.  The  great 
total  thickness  of  these  continental  formations  indicates  a  long-continued 
progressive  depression  of  their  basin,  and  this  is  quite  as  consistent  with  a 
long-continued  uplift  of  never-lofty  neighboring  lands   as  with  a  great 
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elevation  of  the  neighboring  lands  during  the  formation  of  the  Dwyka 
tillite. 

As  to  the  second  reason :  The  great  unconformity  between  the  Dwyka 
tillite  and  the  older  formations  cannot  be  interpreted  in  South  Africa  as 
meaning  a  vigorous  post-Carboniferous  uplift.  The  imderlying  deformed 
formations  are  all  much  older  than  the  Dwyka,  and  were  enormously  eroded 
after  their  deformation  before  the  Dwyka  tillite  was  deposited  upon  them; 
hence  the  time  of  the  pre-Dwyka  deformation  and  uplift  which  initiated 
the  great  erosion  resulting  in  the  unconformity  must  have  been  pre-Car- 
boniferous,  not  post-Carboniferous.  Indeed,  as  far  as  the  surface  of  imcon- 
formity  has  been  traced,  it  everywhere  shows  forms  of  small  relief;  either 
low,  well-subdued  moimtains,  or  peneplains;  hence  a  long  time  must  have 
elapsed  between  uplift  and  glaciation.  Furthermore,  the  Waterberg  sand- 
stone of  the  Transvaal,  supposed  to  correspond  to  the  Table-mountain 
sandstone  farther  south,  and  surely  older  than  the  Dwyka,  because  it  is 
unconformably  covered  by  patches  of  Dwyka  tillite,  itself  rests  imcon- 
formably  upon  the  eroded  surface  of  the  strongly  deformed  older  formations, 
and  here  also  the  surface  of  imconformity  is  of  small  relief;  and  the  Water- 
berg sandstone  is  nearly  horizontal  or  gently  inclined,  thus  testifying  to 
the  relative  absence  of  vigorous  uplifts  in  the  Transvaal  for  a  long  period 
before  Dwyka  time. 

Inasmuch  as  the  Dwyka  is  associated  with  continental  formations, 
it  may  have  been  deposited  in  an  inclosed  continental  basin;  and  if  so,  it 
is  evident  that  no  safe  inference  as  to  the  altitude  of  the  pre-Dwyka  land 
surface  above  sea  level  can  be  drawn  from  the  small  relief  to  which  the 
surface  had  been  worn  down  by  pre-Dwyka  erosion;  for  erosion  in  an 
interior  basin  may  produce  a  peneplain  at  an  altitude  unrelated  to  the  general 
baselevel  of  the  oceans.  Nevertheless,  it  is  improbable  that  the  interior 
basin  of  South  Africa  stood  at  a  great  altitude  in  Dwyka  time;  for  the 
southern  part  of  the  Dwyka  tillite  follows  conformably  after  a  series  of 
presumably  continental  shales  and  sandstones,  which  in  turn  rest  con- 
formably upon  marine  Devonian  (Bokkeveld)  strata:  and  it  is  hardly  prob- 
able that  the  region  which  was  low  in  Devonian  time  could  have  been 
raised  to  a  great  altitude  as  an  interior  basin  in  Dwyka  time  without  inter- 
rupting the  conformable  sequence  of  stratified  deposits  that  connect  the 
marine  and  the  glacial  formations.  True,  it  is  possible  to  imagine  such  a 
case,  but  the  imagined  case  includes  conditions  so  improbable  that  they  do 
not  form  a  satisfactory  ground  on  which  to  build  the  explanation  of  the 
Dwyka  glacial  climate;  far  less  do  they  suffice  to  lead  to  a  demonstrated 
explanation. 
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In  view  of  all  this,  is  it  not  premature  to  assert  that  **the  elevation  of 
the  southern  land  masses  "  in  Dwyka  time  is  **  fully  demonstrated"  ?  There 
certainly  were  times  when  parts  of  the  South  African  land  masses  were 
deformed  and  elevated ;  but  one  of  these  times  of  elevation  was  so  long  before 
the  Dwyka  period  that  the  elevated  areas  had  been  worn  down  to  small 
relief  when  glaciation  occurred;  and  the  next  occasion  of  strong  deforma- 
tion and  elevation  was  after  all  the  continental  formations,  of  which  the 
Dwyka  is  the  basal  member,  had  been  deposited;  and  moreover,  this  eleva- 
tion occurred  well  to  the  south  of  the  area  of  glacial  dispersion.  But  in 
Dwyka  time,  all  direct  evidence  suggests  that  South  Africa  was  a  low- 
lying  continental  area.  It  is  of  course  permissible  to  postulate  an  elevated 
continental  area  in  a  region  concerning  which  we  have  no  direct  informa- 
tion as  to  Dwyka  topography,  north  of  the  northernmost  Dwyka  tillite 
patches  in  the  Transvaal;  and  this  postulated  highland  may  be  regarded 
provisionally  as  the  source  of  the  Dwyka  ice  sheet;  but  postulating  an 
elevation  and  demonstrating  it  are  very  different  processes. 

White  says  also  that  ''the  occurrence  of  glacial  phenomena  within 
the  tropics  was  presumably  due  in  part  to  an  extension  of  the  southern  cold 
with  the  favoring  assistance  of  ocean  currents  and  perpetual  atmospheric 
lows,'  resulting  in  part  from  continental  relations  and  topography  "  (p.  63 1 ). 
Here  again,  it  is  perfectly  legitimate  to  postulate  favoring  ocean  currents 
and  perpetual  atmospheric  "lows,"  if  one  wishes  to  do  so,  and  then  to 
deduce  the  consequences  of  the  postulates;  but  the  value  of  the  deductions 
will  necess^ly  depend  upon  the  validity  of  the  postulates  themselves; 
hence  they  must  be  examined.  Ancient  currents  in  the  ocean  and  areas  of 
low  pressure  in  the  atmosphere  should  not,  in  the  present  state  of  scientific 
inquiry,  be  arbitrarily  assigned  to  this  or  that  part  of  the  world.  The  exist- 
ing currents  of  the  ocean  and  areas  of  low  pressiu-e  in  the  atmosphere  are 
so  systematically  arranged  that  one  may  fairly  object  to  any  assumed 
ancient  distribution  of  these  phenomena  that  is  inconsistent  with  the  con- 
trols by  which  they  are  determined  today.  For  example,  a  continental 
area  of  low  pressure  in  latitude  25^  can  occur  only  in  the  warm  season, 
when  the  high  temperature  on  the  land  may  suffice  to  reverse  the 
tendency  to  hi^  pressure  perpetually  induced  in  that  latitude  by  the 
processes  of  planetary  (atmospheric)  circulation;  and  the  relatively  high 
temperature  by  which  a  low-pressure  area  is  formed  in  such  a  region  is 
evidently  unfavorable  to  the  occurrence  of  sno^y  precipitation.  In  the 
cold  season  of  the  same  region,  when  the  temperature  is  more  favorable  to 
snowfall  than  at  other  times,  the  atmospheric  pressure  will  be  high,  but 
precipitation  in  the  area  of  hi^  pressure  will  be  small.     Hence  little  aid 
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can  be  given  to  Dwyka  glaciation  by  areas  of  low  pressure.  It  may  be  the 
same  with  ocean  currents.  Until  a  reasonable  cause  can  be  given  for  the 
occurrence  of  favoring  ocean  currents,  their  part  in  aiding  the  formation 
of  the  Dwyka  ice  sheet  is  only  a  gratuitous  postulate.  However  satisfactory 
an  explanation  of  a  problem  is,  reached  from  such  a  postulate,  it  is  not 
safe  to  regard  the  explanation  as  fully  demonstrated  until  the  postiilate 
is  independently  established.  The  desirable  thing  in  such  a  problem 
as  this  is  the  publication  of  diagrams,  on  which  the  distribution  of  lands 
should  be  indicated  as  described  by  White — ^''an  Antarctic  continent,  of 
which  Australia,  South  Africa,  and  a  part  of  South  America  were  possibly 
but  lobes"  (p.  630) — ^with  a  reasonable  and  warrantable  distribution  of 
ocean  currents  and  areas  of  low  atmospheric  pressure  in  proper  relation 
to  the  postulated  lands  and  oceans.  It  would  then  be  possible  for  a  reader 
to  judge  how  much  favoring  assistance  might  be  expected  from  these 
contributive  causes. 

The  Permian  glacial  climate  is  one  of  the  most  remarkable  problems 
disclosed  by  geology.  The  addition  of  a  South  American  glaciated  area 
to  the  others  in  Australia,  India,  and  South  Africa  goes  far,  as  White 
points  out,  toward  excluding  any  recourse  to  tempting  explanations  based 
on  the  displacement  of  the  earth's  axis.  The  present  limitation  of  precipita- 
tion in  at  least  the  South  African  glaciated  area  chiefly  to  the  warmer  season, 
while  the  colder  season  is  prevailingly  clear  and  dry,  is  a  difficulty  that 
must  not  be  overlooked.  The  full  explanation  of  the  problem  does  not 
involve  only  a  moderate  reduction  of  temperature;  it  involves  either  so 
strong  a  reduction  of  temperature  that  snowy  precipitation  may  prevail 
in  the  warmer  season,  or  a  more  moderate  reduction  of  temperature  with 
a  change  of  the  season  of  precipitation  from  the  warmer  to  the  cooler  part 
of  the  year.  Under  the  present  understanding  of  atmospheric  circulation, 
the  first  of  these  alternatives  is  less  puzzling  than  the  second. 

W.  M.  Davis 

Harvard  University 
November  24,  1907 


Reviews 

The  Okanagan  Composite  BatholUh  of  the  Cascade  Mountain  System. 

By  Reginald  A.  Daly.    (Bulletin  of  the  Geological  Society  of 

America,  Vol.  XVII,  pp.  329-76,  1906.) 

This  batholith  is  on  the  international  boundary  between  British  Colum- 
bia and  the  state  of  Washington.  Its  east-west  dimension  is  about  sixty 
miles;  the  north  and  south  limits  are  not  known.  The  batholith  is  compos- 
ite, the  individual  intrusions  having  been  made  from  late  Paleozoic  to  late 
Tertiary  time.  There  is  considerable  variation  petrographically  in  these 
intrusions,  the  later  ones  being  as  a  whole  progressively  more  acid,  but  the 
series  was  broken  near  the  close  of  the  Laramie  by  the  intrusion  of  some 
alkaline  syenites  and  malignite.  The  small  Paleozoic  bodies  are  a  complex, 
variable,  highly  metamorphosed  series  of  gabbros,  peridotites  and  dunite. 
The  Jurassic  batholiths  are  of  granodiorite,  and  the  Tertiary  batholiths  are 
of  biotite-homblende-granite  and  biotite-granite.  There  are  a  few  dikes  of 
olivine  basalt,  thought  to  be  of  Pleistocene  age. 

It  is  evident  from  Daly's  descriptions  that  these  rocks  are  in  general 
accord  with  the  rest  of  the  Pacific  Coast  petrographic  province  in  their 
moderately  high  ratio  of  soda  to  potash. 

In  Lower  Cretaceous  time  the  Jurassic  granodiorites  had  been  exposed 
by  erosion,  and  over  30,000  feet  of  arkose  sandstones,  grits,  and  conglomer- 
ates were  deposited  on  them.  Thi3  was  followed  by  deformation,  which 
resulted  in  the  production  of  faults  and  folds  in  the  Cretaceous  strata,  with 
dips  averaging  over  45®.  Probably  at  the  same  time  the  granodiorites 
were  sheared  and  crushed  into  banded  gneisses  and  gneissic  granites. 

The  method  of  batholitic  intrusion  by  replacement  is  discussed,  and  an 
ideal  skeleton  history  of  a  batholite  is  given. 

C.  W.  W. 

Crescentic  Gouges  on  Glaciated  Surfaces.    By  G.  K.  Gilbert.    (Bulle- 
tin of  the  Geological  Society  of  America,  Vol.  XVII,  pp.  303- 
16;  Pis.  37-39-     1906.) 
The  chatter-mark  and  crescentic  crack  are  described.     The  former 
is  thought  to  be  due  to  the  slow,  rhythmic  striking  of  bowlders  embedded 
in  the  basal  ice.    Fracture  results,  if  the  surface  of  the  rock  is  under  tension. 
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Crescentic  cracks  which  are  vertical  and,  like  chatter-marks,  are  concave 
forward,  may  be  explained  as  the  result  of  the  difference  in  stress  parallel 
to  the  rock-face,  arising  from  differential  friction. 

Crescentic  gouges  are  convex  forward  (downstream).  Those  here 
described  measure  from  a  few  inches  to  over  six  feet  across.  The  gouges 
generally  occur  in  sets,  the  members  of  a  set  being  usually  of  neariy  equal 
size.  They  occiu-  on  both  bottoms  and  walls  of  glacial  troughs.  Crescen- 
tic gouges  consist  of  two  elements:  a  gently  sloping,  incomplete,  conoid  frac- 
ture, on  the  upstream  side;  and  a  subsequent,  vertical,  crescentic  fracture, 
that  forms  the  downstream  side  of  the  gouge.  The  "conoid"  fracture 
is  due  to  shear  from  an  inclined  pressure  arising  from  the  downward  and 
forward  pressures  of  the  ice,  as  modified  by  differential  friction.  This 
inclined  pressure  is  thought  to  have  been  applied  by  bowlders  acting  through 
a  thin  cushion  of  debris  or  of  debris-loaded  ice,  at  places  where  the  ice 
rose  over  obstructions.  The  thin  wedge  formed  by  this  fracture  was 
broken  across  vertically,  and  the  crescentic  wall  produced.  This  second 
break  is  due  to  stress  from  the  upturning  of  the  edge  of  the  wedge  when 
the  formation  of  the  first  crack  relieved  it  of  compression,  and  the  resistance 
of  the  ice  pressure  against  this  upturning. 

The  author  regards  the  gouges  as  the  result  of  "a  mechanical  rhythm 
of  some  sort,"  and  suggests  that  the  constant  pressure  of  the  ice  may  induce 
a  group  of  mechanical  rhythms  to  accumulate  stress  and  strain  within  the 
rock,  until  the  breaking-point  is  reached  and  a  conoid  fracture  produced. 

c.  w.  w. 

Geological  Reconnaissance  of  the  Coast  of  the  Olympic  Peninsula^ 
Washington,  By  Ralph  Arnold.  (Bulletin  of  the  Geological 
Society  of  America,  Vol.  XVII,  pp.  451-68;  Pis.  55-58.) 

This  paper  gives  the  preliminary  results  of  the  first  measurement 
and  study  of  any  comprehensive  Tertiary  section  in  the  Pacific  North- 
west. 

The  topography  of  the  Peninsula  is  not  very  well  known.  Its  dominant 
feature  is  the  Olympic  Mountains,  a  rugged  alpine  group  rising  to  a 
maximum  elevation  of  8,200  feet,  and  having  a  local  relief  of  about  7,000 
feet.  There  are  no  railroads,  wagon  roads,  or  trails  in  the  higher  mountains, 
and  considerable  areas  are  almost  impassable  even  to  a  man  afoot. 

Surrounding  the  higher  mountains,  especially  on  the  northwest,  west, 
and  south  sides  is  a  maturely  dissected  plain,  sloping  seaward  from  eleva- 
tions of  4,500  to  5,000  feet.  The  streams  crossing  this  plain,  in  fact  all 
the  streams  of  the  Peninsula,  flow  nearly  straight  outward  from  the  central 
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area  of  high  mountains.    This  radial  drainage  is  thought  to  be  consequent 
to  some  domed  surface,  probably  a  peneplain. 

The  formations  involved  in  the  geobgy  of  the  coastal  region  of  the  Olympic 
Peninsula  include  serpentine,  old  diabase  or  greenstone,  metamoq>hosed  sand- 
stone, and  quartzite,  probably  of  Jurassic  age;  6,000+  feet  of  gray  sandstone 
with  minor  quantities  of  carbonaceous  shales,  supposed  to  represent  the  lower 
pait  of  the  Pugd  Group  and  of  Cretaceous  age;  1,200+  feet  of  basalt  tufiFs  of 
Eocene  age;  15,000  feet  of  Oligocene-Miocene  congbmerate,  sandstone  and 
shak;  2,260  feet  of  Pliocene  congbmerate,  sandstone,  and  shale;  and  at  least 
300  feet  of  Pleistocene  till,  clay,  and  gravel. 

Fossils  are  abundant  in  the  Tertiary  formations.  One  fauna  is  described 
from  the  Eocene,  five  from  the  Oligocene-Miocene,  and  one  from  the 
Pliocene.  The  peculiar  upper  Miocene  faima  of  the  Looke  beds,  which 
is  well  developed  on  Vancouver  Island,  only  15  miles  northward,  is  con- 
spicuous by  its  absence. 

C.  W.  W. 


Contribution  to  the  Geology  and  Paleontology  0}  Vermont.  By  Henry 
M.  Seely.  From  the  Fifth  Report  Vermont  State  Geologist,  pp. 
1-34,  Plates  XXXIV-XLV.  Montpelier,  Vt.,  1906. 
The  greater  part  of  this  paper  is  taken  up  with  description  of  new  species 
of  the  so-called  -genus,  Cryptozoon.  None  of  the  characters  assigned  to 
these  three  new  species,  C.  steeli,  C.  saxiroseuniy  and  C.  wingi  differ  from 
structures  that  may  be  occasionally  observed  in  undoubted  concretions. 
The  reviewer  can  find  no  reason  for  regarding  such  structures  as  organic, 
except  to  the  extent  that  bacteria  or  similar  organisms  may  have  contributed 
to  the  precipitation  of  the  calcite  or  silica  composing  them.  In  fact  the  only 
structure  in  Hall's  description  of  the  type  species'  that  may  be  organic  is 
certain  doubtful  canals,  of  which  he  writes:  "The  substance  between  the 
concentric  lines,  in  weU-preserved  specimens,  is  traversed  by  numerous 
minute  irregular  canaliculi  which  branch  and  anastomose  without  regu- 
larity." The  exact  nature  of  these  is  not  clear,  but  probably  they  are  similar 
to  the  "pUae"  figured  by  Seely  (Plate  XXXVII,  Fig.  3)  which  cannot  be 
distinguished  from  irregular  inorganic  segregations  common  in  many  con- 
cretions, cherts,  and  limestones. 

A  startling  feature  of  the  paper  is  the  description  (p.  12,  Plate  XXXVII, 
Figs.  5,  6)  of  a  specialized  ovarium  with  ova  in  **  Cryptozoon  saxiroseum." 
That  such  a  structure,  so  well  developed,  should  exist  in  so  primitive  an 

« James  Hall,  Thirty-Sixth  Annual  Report  N.  Y.  Mus.  of  Natural  History, 
transmitted  to  the  legislature,  January  12,  1883.     (Cryptozoon  proliferum.) 
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organism  as  "  Cryptozoon  "  would  be,  is  not  probable.  Perhaps  the  structure 
is  the  shell  of  some  specialized  organism  included  in  the  concretion.  Until 
someone  can  find  organic  structures  in  "Cryptozoon"  the  description  of 
new  species  is  an  imnecessary  burden  to  science. 

C.  W.  W. 


On  the  Radioactive  Matter  in  the  Earth  and  the  Atmosphere.    By 
A.  S.  Eve.    Separate  from  the  Philosophical  Magazine,  Septem- 
ber, 1906,  pp.  189-200. 
For  geologists,  the  most  important  feature  of  this  paper  is  the  determina- 
tion of  the  radioactive  matter  in  the  earth's  crust.    "About  i .  8  X  lo"  "  grams 
of  radium  bromide  is  the  estimated  equivalent  of  the  active  matter  per  c.c. 
present  in  the  earth's  crust  sufficient  to  account  for  the  penetrating  radia- 
tion."   This  is  four  times  the  average  amoimt  found  by  Strutt  by  direct 
observation  on  rock  specimens. 

c.  w.  w. 
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THE  TRIASSIC  PORTION  OF  THE  SHINARUMP  GROUP, 

POWELL 
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Introduction. — Among  the  great  sedimentary  formations  or  groups 
of  the  Plateau  Province,  described  by  Powell,  Button,  Gilbert,  and 
others,  that  one  named  by  Powell  the  Shinarump  is  today  the  least 
known  and  occasions  the  greatest  difficulty  in  correlation.  As  I 
have  recently  attempted  to  correlate  the  formations  of  the  Plateau 
Province  with  those  of  the  adjoining  mountain  district  of  southwestern 
Colorado,  the  difficulties  in  regard  to  the  Shinarump  have  come 
prominently  to  my  attention,  and  it  is  hoped  that  a  brief  review  of  the 
subject  may  be  of  material  assistance  to  geologists  who  attack  the 
problem  in  future. 

The  Shinarump  is  the  lowest  of  three  formations  or  groups  assigned 
by  Powell  to  the  Trias,  the  others  being  the  intermediate  Vermilion 
ClifiF  sandstone  and  the  White  CM  sandstone  at  the  top.  The 
Triassic  was  thus  supposed  by  him  to  embrace  everything  present 
in  the  great  section  north  of  the  Grand  Canyon  between  the  upper 
Aubrey  (Pennsylvanian)  and  the  marine  Jurassic. 

Button  and  other  writers  have  referred  the  White  Cliff  sandstone 
to  the  Jurassic,  and  this  reference  is  no  doubt  correct,  since  the  con- 
tinuity has  been  established  between  this  very  well-marked  formation 
and  the  La  Plata  sandstone  of  Colorado,  which  is  in  angular  uncon- 
formity with  the  Triassic  and  the  entire  Paleozoic  section  (4).'     The 

'  Published  with  the  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 

»  Numbers  in  parentheses  refer  to  the  bibliographic  list  to  be  found  at  the  end 
of  this  paper. 
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Triassic  age  of  the  Vermilion  Cliff  sandstone  has  not  been  directly 
questioned,  neither  has  it  been  fully  proven,  and  it  will  appear  in  the 
course  of  this  discussion  that  there  is  some  slight  basis  for  the  sug- 
gestion that  it  is  lower  Jurassic. 

.\s  for  the  Shinarump  group,  Walcott  long  ago  found  Permian 
fossils  ^24)  in  the  lower  beds  referred  to  it  by  Powell  and  possibly 
Jurassic  fossils  (4)  in  the  upper  part^  while  a  Triassic  vertebrate 
fauna  occurs  near  the  middle  of  what  Ward  refers  to  the  Shinarump 
(26^.  The  question  as  to  the  real  character,  scope,  and  correlation  of 
this  group  is  then  plainly  one  requiring  further  study  and  considera- 
tion. 

The  standpoint  from  which  this  review  is  written  is  that  of  several 
years'  ex[x*rience  in  the  stratigraphic  section  of  southwestern  Colorado, 
with  some  information  as  to  the  gi^ual  changes  exhibited  by  the 
formations  as  they  pass  from  the  mountain  slopes  into  the  adjoining 
vast  area  of  plain  and  canyon — ^the  Plateau  Province.  It  may  be 
well  to  present  in  the  outset  the  facts  of  major  importance  bearing  on 
the  topic  under  discussion  and  indicate  frankly  the  tentative  con- 
clusions I  have  reached  as  to  their  application. 

It  has  been  established  that  the  Dolores  formation  of  the  San 
Juan  region  of  Colorado  is  of  Triassic,  and  probably  of  upper 
Triassic  age.  An  angular  unconformity  has  been  foimd  below  the 
Dolores  by  which  the  whole  upper  Paleozoic  red-bed  series  and  a 
part  of  the  Pennsylvanian  strata  arc  locally  cut  out.  No  middle  or 
lower  Triassic  beds  have  been  found  and  none  demonstrably  Permian. 
The  stratigraphic  break  below  the  Dolores  is  thus  shown  to  be  of 
much  imjX)rtance. 

The  Dolores  formation  has  been  traced  from  the  mountains  into 
the  heart  of  the  Plateau  district  along  two  lines  of  approach.  The 
most  im[)ortant  fact  established  is  that  the  fossiliferous  basal  member 
of  the  formation  extends  west  and  northwest  from  the  San  Juan 
Mountains  as  far  at  least  as  Grand  River,  in  Utah,  where  the  angular 
unconformity  below  it  is  very  marked,  and  1,500  to  2,000  feet  of 
|)r()bable  Paleozoic  beds  are  gone  at  some  places.  An  overlap  of  the 
basal  Dolores  conglomerate  from  Permian  (  ?)  beds  directly  to  the  pre- 
Cumhrian  c()mi)lex  occurs  on  the  western  side  of  the  Uncompahgre 
Philean,  in  Colorado,  where  it  was  observed  by  Peale  in  1875.    The 
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fossiliferous  lower  strata  of  the  Dolores  have  also  been  traced  down 
the  San  Juan  Valley  nearly  to  the  Glen  Canyon  of  the  Colorado, 
below  the  Henry  Mountains. 

While  nothing  similar  to  the  Dolores  fossiliferous  conglomerate 
has  been  described  from  the  original  area  of  the  Shinarump  Group 
in  Utah  or  Arizona,  the  discovery  by  Ward  (26)  on  the  Little  Colorado 
River  of  the  vertebrate  fauna  characteristic  of  the  Dolores  shows 
plainly  that  a  correlation  of  great  importance  is  to  be  anticipated  when 
the  requisite  studies  have  been  made. 

In  the  literature  of  geological  investigation  in  the  Plateau  Province, 
which  is  almost  wholly  of  reconnaissance  character,  a  certain  bed  or 
zone  of  strata  in  many  widely  separated  localities  has  been  called  **the 
Shinarump  conglomerate"  and  its  identity  in  those  places  asserted. 
This  has  been  done  without  much  descriptive  detail  and  chiefly  on  the 
basis  of  lithologic  character.  Now  in  the  Dolores  formation  the 
lower  zone,  embracing  all  beds  foimd  to  be  fossiliferous,  has  also  a 
most  perfectly  diagnostic  lithologic  phase.  This  is  found  almost 
invariably  at  the  base  of,  and  irregularly  developed  through,  200  or 
300  feet  of  beds.  Those  who  have  worked  in  the  San  Juan  region 
have  come  to  apply  the  convenient  field  term  "saurian  conglomerate " 
to  this  diagnostic  phase  because  one  seldom  searches  in  vain  in  it  for 
teeth  or  bone  fragments  belonging  to  dinosaurs  or  to  belodont  crocodiles . 

The  peculiar  lithologic  feature  of  the  "saurian  conglomerate" 
is  that  it  consists  mainly  of  small  round  gray  lunestone  pebbles,  in 
many  places  almost  pisolitic  in  appearance,  though  never  showing 
the  structure  of  true  pisolite  spheres,  and  rarely  reaching  one  inch  in 
diameter.  The  conglomerate  is  most  irregularly  distributed,  with 
cross-bedding  structure,  through  sandstone  ledges  from  a  few  inches 
to  perhaps  thirty  feet  in  thickness.  The  color  of  conglomerate-bearing 
ledges  is  often  greenish  gray  and  shales  or  sandstones  of  the  same 
tones  are  common  between  them.  More  complete  descriptions  of 
the  conglomerate  zone  are  given  in  the  Telluride  and  Rico  folios 
(I  and  3). 

The  upper  part  of  the  Dolores  formation  is  of  very  variable  thick- 
ness in  the  San  Juan  region,  owing  in  all  probability  to  erosion  in  the 
ensuing  epoch.  It  thickens  westward  and  has  been  confidently  corre- 
lated with  the  Vermilion  Cliflf  sandstone  of  the  Plateau  Province  (4). 
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The  foregoing  brief  statement  will,  it  is  hoped,  be  sufficient  to 
show  the  desirability  of  tracing  the  horizon  represented  by  the  basal 
beds  of  the  Dolores  formation  through  the  Plateau  country,  not  only 
to  establish  the  base  of  the  Trias  but  to  discover  the  most  favorable 
localities  for  the  study  of  the  older,  and  probably  Paleozoic  red  beds, 
the  full  section  of  which  is  perhaps  not  yet  known.  According  to 
present  knowledge  the  horizon  in  question  is  not  far  below  the  Ver- 
milion Cliff  sandstone  in  the  central  and  northern  parts  of  the  Plateau. 
In  southern  Utah  and  Arizona  there  is  evidence  of  a  decided  increase 
in  the  thickness  of  the  Triassic  beds  below  the  Vermilion  Cliff  sand- 
stone, sufficient  to  warrant  the  suspicion  that  the  true  Shinarump 
conglomerate  of  the  Shinarump  Cliffs,  while  a  thousand  feet  below 
that  sandstone,  may  still  be  at  the  same  horizon  as  the  "saurian 
conglomerate"  of  the  Dolores  formation. 

We  will  turn  now  to  a  scrutiny  of  the  literature  bearing  upon  the 
subject. 

The  Shinarump  conglomerate  described. — The  term  "Shinarump 
conglomerate  "  appears  to  have  been  used  for  the  first  time  by  Powell, 
in  1873,  while  describing  the  geologic  structure  and  naming  the  topo- 
graphic features  of  the  district  lying  north  of  the  Grand  Canyon  of 
the  Colorado  (21,  p.  457,  458).  Powell  says  that  from  the  Grand 
Canyon  northward  one  travels  over  Carboniferous  beds  to  the  first 
line  of  cliffs,  one  hundred  to  four  hundred  feet  high. 

This  escarpment  is  capped  by  a  finnly  cemented  conglomerate  containing 
many  fragments  of  silicified  wood,  and  over  its  surface  are  scattered  many  like 
fragments,  and  sometimes  huge  tree  trunks,  which  are  the  remnants  of  rocks  at 
one  time  overlying  the  conglomerate,  but  now  carried  away  by  erosion.  Under- 
lying thb  cap  are  variegated  sandstones  and  marls.  The  whole  group  is  probably 
of  lower  Triassic  age. 

In  1875,  Gilbert,  Marvine,  and  Howell,  of  the  Wheeler  Sur\'ey, 
published  the  results  of  their  work  in  the  country  adjacent  to  the 
Colorado  River,  and  refer  to  the  Shinarump  conglomerate  as  some- 
thing defined  by  Powell.  Their  observations  covered  a  wide  territor>'^, 
including  that  of  the  Shinarump  Cliff,  and  there  seems  to  be  no  doubt 
but  that  their  references  are  to  a  single  well-defined  conglomerate 
stratum  or  bed. 

Gilbert  assigned  to  the  Trias  2,500  to  3,500  feet  of  beds  between  the 
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marine-fossil  horizon  of  the  Jurassic  and  that  of  the  ''  PermoHCarbon- 
iferous  "  (i i).  The  upper,  sandy  portion  of  his  Triassic  section  clearly 
includes  the  White  and  Vermilion  CliflF  sandstones,  although  they 
are  not  so  named.  The  lower  portion  is  described  in  general  terms  as 
"variegated,  saliferous,  and  gypsiferous  clays." 

In  the  midst  of  the  days  is  a  bed  of  con^mexate.  The  lower  shales  were 
somewhat  eroded  by  the  current  which  spread  it,  as  is  shown  by  the  inequality 
of  the  surface  on  which  it  rests.  Its  thickness  is  variable,  and  it  is  not  universally 
present;  but  its  persistence  over  large  areas  is  nevertheless  such  as  to  exdte  won- 
der. In  the  congbmerate  and  in  the  superjacent  clays  are  silidfied  tree  trunks 
in  great  numbers.  The  fossil  horizon  discovered  by  Mr.  Howell  near  Toquer- 
ville,  and  another  that  was  noted  south  of  Kanab,  are  lower  than  the  Shinarump 
con^merate  (ii,  pp.  175,  176). 

The  Shinarump  conglomerate  appears  to  be  definitely  placed  in 
several  detailed  sections  published  by  Gilbert,  between  "variegated 
gypsiferous  clays  with  silicified  wood,"  above  it,  and  "chocolate 
gypsiferous  clays,"  below  (11,  pp.  158-60).  On  Paria  Creek  and  at 
Jacob's  Pool,  Arizona,  unconformities  by  erosion  were  noted  below 
the  conglomerate,  but  of  no  great  extent,  and  Gilbert  laid  no  special 
stress  on  the  importance  of  the  break  indicated.  Jacob's  Pool  is 
between  Kanab  Greek  and  the  Paria,  at  the  south  base  of  the  Paria 
Plateau. 

Marvine  speaks  incidentally  of  "a  conglomerate  of  siliceous 
pebbles,  the  Shin-ar-ump  Triassic  conglomerate  of  Powell"  (19,  p. 
215).  He  apparently  saw  this  bed  only  near  St.  George  in  Utah, 
near  its  western  limit  of  outcrop,  and  on  the  Little  Colorado,  in 
Arizona. 

Howell  seems  to  have  practically  followed  the  Shinarump  con- 
glomerate for  several  hundred  miles.     He  says : 

The  con^merate  bed  to  which  Mr.  Powell  has  given  the  name  Shinarump 

is  a  very  singular  formation Having  a  maximum  thickness  at  St.  George  of 

one  hundred  feet,  it  seldom  exceeds  forty  or  fifty  to  the  east,  but  is  coextensive, 
80  far  as  I  know,  wit|lthe  Trias  of  the  Colorado  Plateau.  Occasionally  it  is  little 
more  than  a  coaxte sandstone,  and  sometimes  thins  out  to  eight  or  ten  feet,  but 
never  have  I  passed  that  horizon  without  seeing  it.  One  of  its  constant  features, 
almost  as  constant  as  its  existence,  is  the  great  amount  of  silicified  wood  which  it 
contains  (i3>  P-  283). 

Just  below  the  ledge  of  the  conglomerate,  near  Toquerv-ille,  in 
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•        •    •,  • 
,  soiftbwestem  Utah,  a  few  fragments  of  lamellibranch  shells  were 
'•(band  by  Howell.    These  were  too  imperfect  for  determination. 

The  Shinarump  Group. — The  comprehensive  term  "Shinarump 
Group"  was  proposed  by  Powell  in  1876,  in  his  Geology  0}  the  Uinta 
Mountains^  for  all  the  strata  known  to  him  between  the  upper  Aubrey 
limestones  and  the  Vermilion  Clifif  sandstone.  Its  Triassic  age  is 
assumed.  The  group  is  not  described  in  much  detail,  the  following 
section  made  by  Powell  ''along  the  course  of  the  Kanab  in  the  winter 
of  1871 "  being  the  most  complete  statement  given. 

SECTION  OF  THE   SHINARUMP  GROUP,  POWELL 

Top  TEXT 

XI.    Bad-land  sandstones,  rapidly  disintegrating;  argillaceous;  weathering 

in  variegated  hills 800 

12.  G>n^merate 80 

13.  Red  bad-land  sandstone;   very  friable^  with  much  gsrpsum  195 

14.  Greenish-gray  bad-land  sandstone,  with  much  gypsum,  and  rapidly 
dbintegrating 100 

15.  Compact  gray  sandstone 8 

x6.     Red  sandstones  and  arenaceous  shales;  gypsum  in  seams  and  joints  .     joo 

17.  Red  and  brown  sandstone;   rather  thinly  bedded,  with  many  ripple 
marks 250 

18.  Conglomerate  with  angular  and  rounded  fragments  of  limestone  in  a 
matrix  of  calciferous  sand      ........      50 

1,783 

The  conglomerate  eight  hundred  feet  below  the  top  of  the  group 
is  evidently  the  one  elsewhere  designated  Shinarump  conglomerate. 
Powell  gives  no  hint  that  an  unconformity  had  been  noted  by  Gilbert 
beneath  that  horizon,  but  he  repeatedly  refers  to  the  one  at  the  base. 
The  upper  and  lower  parts  of  the  group  are  described  in  very  similar 
terms,  and  fossil  wood  is  said  to  characterize  the  whole  group.  It  is 
pointed  out  that,  "The  Shinarump  conglomerate  is  usually  very  hard, 
and  weathers  in  such  a  manner  as  to  form  hogbacks  or  cliffs,  and  the 
softer  gypsifcrous  beds  above,  when  carried  away  by  rains,  leave 
behind  fragments  of  this  silicified  wood,"  etc. 

It  is  evident  that  Powell  did  not  suppose  that  his  Shinarump 
Group  contained  Permian  or  other  pre-Triassic  beds.  Neither  he 
nor  any  other  early  observer  commented  upon  the  fact  that  if  the 
Shinarump  conglomerate  contained  worn  pebbles  of    fossil   wood 
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there  was  probably  a  considerable  difference  in  age  between  the 
silicified  wood  of  the  upper  and  lower  parts  of  the  group. 

Without  detailed  description  and  with  no  suggestion  of  variation 
in  character,  Powell  aflirms  the  wide  extension  of  the  Shinarump 
group  in  the  following  sentence: 

The  variegated  beds  above  and  below  the  [Shinarump]  conglomerate  are  seen 
in  many  places  on  either  flank  of  the  Uinta  Mountains,  and  from  time  to  time 
this  horizon  is  brought  up  by  faults  or  flexures  in  all  the  stretch  of  country  which 
intervenes  between  the  Shinarump  Cliffs  and  the  Uinta  Mountains.  [33,  p.  54]. 
....  [With  r^ard  to  the  Shinaxump  conglomerate,  Powell  does  acknowledge 
that  it  is  not  easily  recognizable,  toward  the  north  about  twenty  feet  in  thickness, 
but  increasing  southward  until  it  attains  two  hundred  feet  (23,  p.  41).] 

The  Shinarump  as  treated  by  DuHon  in  1880. — ^A  treatment  of 
the  Shinarump  group  very  similar  to  that  of  Powell  was  given  by 
Dutton  in  1880  in  his  Geology  of  the  High  Plateaus  of  Utah  (6). 
The  range  given  to  the  group  is  the  same,  and  on  account  of  the 
constancy  of  character  few  descriptive  details  are  given.  Dutton 
thus  introduces  the  discussion  of  the  Shinarump: 

Resting  everywhere  upon  the  Carboniferous  of  the  Plateau  country  is  a  series 
of  sandy  shales,  which  in  some  respects  are  the  most  extraordinary  group  of  strata 

in  the  West,  and  perhaps  the  most  extraordinary  in  the  world There  are 

especially  three  characteristics,  either  one  of  which  would  render  them  in  the  highest 
degree  conspicuous,  curious,  and  entertaining.  First  may  be  mentioned  the 
constancy  with  which  the  component  members  of  the  series  preserve  their  char- 
acteis  throughout  the  entire  province.  Wherever  their  proper  horizon  is  exposed 
they  are  always  disclosed,  and  the  same  well-known  features  are  presented  in 
southwestem  Utah,  in  central  Utah,  around  the  junction  of  the  Grand  and  the 
Green,  in  the  San  Rafael  Swell,  and  at  the  base  of  the  Uinta  Mountains.  As 
we  pass  from  one  of  these  localities  to  another,  not  a  line  seems  to  have  disappeared, 

not  a  color  to  have  deepened  or  paled The  constancy  is,  so  far  as  known 

to  me,  without  a  parallel  in  any  formation  in  any  other  region  (6,  p.  144). 

Only  slight  changes  in  thickness  and  in  constitution  are  admitted. 
The  varied  coloration  of  different  beds  and  the  architectural  forms 
resulting  from  erosion  are  the  other  two  marked  characteristics. 

The  constancy  in  lithologic  character,  the  wonderful  coloring, 
and  the  peculiar  architecture  of  erosional  forms  here  emphasized,  all 
avowedly  pertain  to  the  lower  part  of  the  group,  recognized  by  Dutton 
two  years  later  as  belonging  to  the  Permian. 
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The  Shinarump  conglomerate  b  said  to  be  within  "the  transitional 
shales"  of  550  to  750  feet  thickness  below  the  Vermilion  CliflF  sand- 
stone— shales  not  described  except  as  "monotonous."  The  con- 
glomerate is  said  to  "consist  of  fragments  of  silicified  wood  imbedded 
in  a  matrix  of  sand  and  gravel."  Its  thickness  rarely  exceeds  fifty 
feet.  "  It  occasionally  thins  out  and  disappears,  but  usually  recurs  if 
the  outcrops  be  traced  onwards,  resembling  the  mode  of  occurrence 
common  to  the  coal  seams  of  the  Carboniferous  coal  measures."  It  is 
indeed  suggested  that  the  conditions  under  which  the  conglomerate 
was  accumulated  "  may  have  been  similar  to  those  attending  the  forma- 
tion of  coal."  "  The  subsequent  silicification  of  the  wood  "  is  regarded 
as  remarkable  and  no  possibility  that  any  part  of  the  wood  may 
have  been  derived  from  earlier  formations  seems  to  have  been  enter- 
tained (6,  p.  147). 

WalcotVs  section  in  the  Kandb  Valley, — In  1879,  ^  ^^  first 
work  in  connection  with  the  U.  S.  Geological  Survey,  C.  D.  Walcott 
made  a  careful  section  of  the  formations  displayed  so  well  in 
the  Kanab  Valley,  from  the  lower  Tertiary  to  the  pre-Cambrian 
of  the  Grand  Canyon.  As  a  result  of  this  study,  Walcott  an- 
nounced in  1880  the  discovery  of  Permian  fossils  in  the  beds 
between  the  Aubrey  limestone  and  the  Shinarump  conglomerate, 
i.  e.,  the  lower  part  of  PowelPs  Shinarump  Group  (24).  He 
found  a  plane  of  unconformity  by  erosion  above  the  Aubrey, 
as  stated  by  Powell,  and  another  below  the  Shinarump  con- 
glomerate, as  noted  by  Gilbert  at  other  localities,  and  a  third  in 
the  intermediate  beds.  Permian  fossib  were  found  either  side  of 
the  last  break. 

The  unconformity  below  the  Shinarump  conglomerate  was  further 
described  some  years  later  (25)  on  the  basb  of  new  observations, 
but  the  full  section  of  the  Shinarump  and  superjacent  formations  was 
first  publbhed  in  connection  with  a  dbcussion  of  the  western  Colorado 
red  beds  and  their  correlation,  by  myself  (4,  p.  484).  For  comparison 
with  Powell's  section,  abo  in  the  Kanab  Valley,  and  that  of  Ward, 
to  be  given  later,  it  seems  desirable  to  give  the  section  made  by  Walcott 
from  the  Aubrey  to  the  Marine  Jura.  Thb  I  am  able  to  do  through 
Mr.  Walcott 's  generosity  and  kindness  in  giving  me  unrestricted 
use  of  hb  notes 
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SECTION  IN   KANAB  VALLEY,   UTAH,   ICADE  BY  C.   D.   WAL- 
COTT,    1879 

Jurassic 

rZET 

1.  White  Cliff  sandstone,  massive,  cross-bedded,  light  gray,  broken  into 

five  princii)al  belts  by  horizontal  lines  of  bedding  -5^5 

Triassic 

2.  Vermilion  sandstone;  cross-bedded,  friable,  readily  disintegrating, 
forming  the  foothills  and  slope  to  the  more  compact  sandstones  at  the 
northern  end  of  Vermilion  Cliff  Canyon 650 

3.  Gray  and  reddish-brown,  cross-bedded  sandstone.  Horizontal  beds  of 
varying  thickness  divide  the  mass  into  bands  of  from  twenty-five  to  one 
hundred  feet  in  thickness 300 

4.  Evenly  bedded  red  sandstones;  upper  portion  an  indurated,  dark- 
reddish-brown  stratum;  indurated  layers  alternate  with  more  friable 
layers  and  shales  beneath 120 

5.  Massive  gray  sandstone,  cross-bedded;  upper  portion  is  a  light-gray 
massive  friable  bed.  The  entire  mass  is  subdivided  into  six  principal 
beds  by  subhorizontal  lines  of  bedding  of  a  dark,  more  indurated  sand- 
stone.   The  beds  are  from  twenty  to  ei^ty  feet  in  thickness,  and  may 

be  seen  on  many  steep  escarpments  along  the  cafion  .  .         .310 

6.  Solid,  partially  cross-bedded  sandstone,  changing  from  gray  to  various 
shades  of  red 20 

7.  Evenly  bedded,  light-red  sandstone  with  a  thin  layer  of  intercalated 
gray  sandstone 20 

8.  Dark-red  sandstone;  massive  layers  alternating  with  shale,  which  dis- 
integrates and  forms  a  sbping  talus  to  the  gray  sandstone  beneath  180 

9.  Light-gray  sandstone 5 

10.  Bedded  sandstone  of  various  shades  of  red  and  gray.  The  layers  of 
sandstone  and  their  shaly  partings  are  irregular  in  thickness.  Scolithus 
borings  occur  in  great  numbers  in  a  friable  yellow  sandstone.  Frag- 
ments of  vegetable  matter  and  carbonized  wood  also  were  seen .  230 

11.  Thin  layers  of  sandstone,  alternating  with  bands  of  fine  argillaceous 
shale  holding  fish  teeth  and  shells 25 

12.  Massive  light-brown  sandstone,  broken  up  into  thick  layers  50 

13.  Alternating  layers  of  sandstone  and  fine  argillaceous  shales  with  fish 

teeth,  etc 25 

A  detailed  section  of  13  is  as  follows: 

a.  Li^t  sandy  layers  with  shaly  partings         ....         7 

b.  Fine,  smooth,  arenaceous  and  argillaceous  shales,  drab 

brown  to  red  with  fillets  of  green.    A  few  fish  scales  were  found    6 

c.  Fine-grained,  light-colored  sandstone,  2  to  4  feet  in  thickness         4 

d.  Same  as  (6),  only  more  fossiliferous 8 
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14.  Reddish-brown  friable  sandstone,  broken  into  layers  one  to  six  feet 
thick,  with  shaly  partings 120 

15.  Alternating  bands  of  maris  and  shales,  with  layers  of  friable  light  and 
reddish-brown  sandstone 70 

16.  Reddish-brown  sandstone  broken  up  into  layers  two  to  seven  feet  in 
thickness  with  a  stratum  of  gray  sandstone  at  the  base       ...      20 

17.  Arenaceous  and  earthy  gypsiferous  shales;  mariites,  purple,  brown, 
bluish-green,  and  green,  forming  low,  rounded  foothiUs  and  slopes 
from  the  Vermilion  cliffs  to  the  Shinarump  congbmerate  .  650 

18.  Gray  congbmerate  and  sandstone.  Congbmerate  formed  of  sonall, 
agatized  pebbles  and  holding  silidfied  wood 50 

Total  of  Triassic 2,845 

UNCONFORMITY 
Permian 

19.  Dark,  reddish-brown,  shaly  sandstones,  passing  into  a  massive  evenly 
bedded  sandstone  twenty  feet  from  the  summit  of  the  bed.    Ripple 
marks  and  mud  cracks  occur  in  the  upper  part. 

Erosion  has  removed  portions  of  the  upper  shaly  stratum  in  places, 
leaving  an  irregular  surface  for  the  congkHnerate  above  to  rest  on        -135 

20.  Red,  arenaceous  shales  with  seams  of  gypsum  ramifying  through  them 

in  every  direction 105 

21.  Gray,  gypsiferous  marls  with  intercalated  arenaceous  shales  -125 

22.  Red  gypsiferous  marls,  with  a  large  proportion  of  arenaceous  shales    .     300 

23.  Impure  limestone,  with  small  fossils — Rhynchonella,  Mytilus,  Bake- 
wellia,  Pleurophorus,  etc 4 

24.  Red  gypsiferous  marl 15 

25 .  Impure  shaly  limestone  with  arenaceous  and  gypsiferous  shales  beneath. 
The  sandy  shales  thicken  into  layers  of  from  two  to  six  inches  in  thick- 
ness. A  stratimi  of  red  marl  separates  this  from  a  somewhat  similar 
band  of  limestone  and  shales  beneath.  On-  an  outiying  butte,  two 
miles  from  the  Shinarump  Cliff,  the  entire  bed  is  a  shaly  limestone. 
This  stratum  varies  in  thickness,  as  it  was  deposited  on  the  uneven 
surface  of  the  beds  beneath.  Nimierous  fossils  occur  both  in  the  lime- 
stone and  arenaceous  layers — Discina,  Rhynchonella,  Bakewellia, 
Pleurophorus,  Schizodus,  Myalina,  Rissoa,  Goniatites,  Nautilus,  etc., 
found 25 

26.  Red  g>'psiferous  marl  with  arenaceous  shales  throughout    .  .108 

27.  Yellowish  sandstone  with  red  gypsiferous  shale  beneath,  resting  in 
eroded  hollows  of  the  Aubrey  limestone 37 

Total  of  Permian 854 

Total  of  Section 4,284 
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UNCONFORMITY 

It  is  impossible  to  closely  correlate  Walcott's  section  with  that 
given  by  Powell  for  the  Kanab  Valley  (23,  p.  53),  except  that  the  con- 
glomerate, No.  18,  is  clearly  the  Shinarump  conglomerate  of  Powell. 
It  seems  probable  that  No.  4  is  the  lowest  member  of  the  Vermilion 
Cliff  group  of  Powell.  Assuming  that  to  be  the  case,  it  will  be  seen 
that  fossil  remains  were  found  by  Walcott  at  several  horizons,  in 
the  members  Nos.  10,  11,  and  13,  all  in  the  upper  part  of  the  section. 
No  fossils  except  siUcifijed  wood  were  noted  in  the  lower  910  feet  of 
strata  assigned  to  the  Triassic. 

The  fish  remains  obtained  by  Walcott  in  No.  13  of  the  above  sec- 
tion were,  at  my  suggestion,  submitted  to  Dr.  C.  R.  Eastman  for 
examination,  and  he  has  published  the  following  preliminary  state- 
ment concerning  them  in  connection  with  a  discussion  of  the  Triassic 
fishes  of  New  Jersey. 

Of  the  few  genera  which  are  tolerably  well  indicated,  such  as  Pholidophorus 
and  several  Lepidotii5']Skt  forms,  it  cannot  be  said  that  they  evince  anything  in 
common  with  the  Triassic  faima  of  the  eastern  states.  Some  resemblance  is  to 
be  noted  between  the  Kanab  fish  faima  and  that  of  Perledo,  near  Lake  Como, 
but  the  general  aspect  of  the  material  collected  by  Walcott  is  much  more  sugges- 
tive of  Jurassic  than  of  Triassic  relations.  This  might  very  well  happen  notwith- 
styiding  the  horizon  be  definitely  proved  by  stratigraphic  and  other  evidence 
to  be  of  Triassic  age,  as  other  instances  of  pioneer  faunas  and  overlapping  types 
are  not  uncommon.  It  does  not  appear,  however,  that  the  data  thus  far  obtained 
warrants  more  than  a  plausible  supposition  that  the  Kanab  beds  are  of  Triassic 
age,  their  reddish  color  and  relative  position  being  consistent  with  what  we  should 
expect  of  rocks  of  that  horizon.  Accepting  the  evidence  furnished  by  the  fossil 
fishes  at  its  full  value,  we  shall  have  to  regard  the  red  beds  of  Kanab  Canyon  as 
belonging  presumably  to  the  Lias  (9,  p.  66  and  4,  p.  486). 

The  invertebrates  obtained  by  Mr.  Walcott  in  association  with 
the  vertebrates  have  been  examined  by  Dr.  H.  W.  Shiraer,  who  has 
kindly  given  me  (through  Dr.  Eastman)  a  report  upon  them.  The 
material  studied  contains  one  indeterminable  Amraonitoid  fragment 
and  two  representatives  of  the  Entomostracans.  Of  the  latter,  Dr. 
Shimer  gives  the  following  description : 

ORDER  OSTRACODA 
Candona  ?  Roger sii  Jones 
This  species  is  exceedingly  abundant  on  some  bedding  planes,  the  tests  vary- 
ing in  length  |from  .25™*°  to  i"*".     They  show  variation  in  form,  some  being 
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regularly  oval,  others  obliquely  pointed  at  one  end.  Notwithstanding  their  great 
abundance  no  separation  of  the  two  valves  was  discemable.  Remains  of  this 
species  occur  profusely  with  Estheria  cvata  in  the  rocks  of  the  Newark  formation 
of  Virginia  and  North  Carolina. 

ORDER  PHYLLOPODA 
Estheria  cvata  Lea 

The  specimens  of  Estheria  are  of  different  sizes,  but  all  agree  with  the  char- 
acters of  this  species  where  they  are  distinctly  recognizable.  The  valves  are 
rather  strongly  convex,  slope  forward  from  the  umbo,  and  are  prolonged  on  the 
ventral  side  posteriorly.  Average  specimens  measure  4"™  in  length  and  3"™  in 
height  ( 1^  X  i  inch).  Some  specimens  show  considerable  resemblance  to  £5/Ama 
minuta  var.  brodieana  Jones,  but  lack  the  greater  development  of  the  valves 
anteriorly,  and  their  lesser  development  posterioriy. 

This  species  is  abundant  in  the  Newark  formation  of  the  Atlantic  border. 

The  fossil  fishes  of  the  Kanab  section  undoubtedly  occur  some 
hundreds  of  feet  above  the  Shinarump  conglomerate,  but  in  view  of 
the  present  meager  knowledge  of  that  fauna,  and  considering  the 
character  of  the  invertebrates,  as  identified  by  Dr.  Shimer,  as  well 
as  the  stratigraphic  relations  of  the  section,  it  would  manifestly  be 
premature  to  accept  at  this  time  the  qualified  suggestion  of  Doctor 
ICastman  and  refer  the  fish-bearing  strata  and  the  higher  beds  of  the 
Kanab  section,  including  the  Vermilion  Cliflf  sandstone,  to  the  lower 
Jurassic. 

While  Waicott  foimd  no  fossik  except  silicified  wood  in  the  Shina- 
ruiii|)  ccmglomerate,  there  is  evidence  that  aTriassic  reptilian  fauna 
occurs  locally  at  least  in  that  bed  or  near  it.  This  has  been  established 
l)y  the  investigations  of  Ward,  soon  to  be  considered. 

DhUoh's  treatment  of  the  Shinarump  in  1882. — In  his  monograph 
on  the  (Irani!  C\myon  district  (7)  Dutton  accepts  the  reference 
of  the  strata  Ix-tween  the  Shinarump  conglomerate  and  the  Aubrey  to 
the  Periniiui,  in  accordance  with  Walcott's  Kanab  section.  From 
his  general  treatment  of  the  subject  it  now  becomes  dear  that  the 
description  of  the  Shinarump  Group  given  in  the  Geology  of  the 
llii^h  Plateaus,  imd  esjvcially  the  References  to  its  wonderful  coloring 
and  constancy  of  character  apply  most  particularly  to  the  Permian 
|H)rtion,  for  that  is  the  part  best  exposed  in  the  "Permian  Terrace," 
as  Dutton  still  calls  the  one  floored  by  the  Shinarump  agglomerate. 
The  inconveniena*  caused  by  the  distribution  of  this  omglomerate. 
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interfering  as  it  does  with  the  harmony  of  broad  architectural  features 
and  stratigraphic  geology  shown  elsewhere  in  the  section,  leads 
Button  to  humorously  complain  that,  "  Somehow  we  cannot  help 
thinking  that  the  conglomerate  has  no  business  there,  and  that  it 
ought  to  have  been  cut  off  at  the  base  of  the  Vermilion  Cliffs,  or  else 
it  ought  to  be  relegated  to  the  Permian  (7,  p.  45)." 

Dutton  found,  and  specially  notes,  the  erosional  imconformity 
below  the  Shinarump  conglomerate  at  Pipe  Spring,  a  few  miles  west 
of  the  Kanab  Valley  (7,  p.  80),  and  in  discussing  various  unconformi- 
ties by  erosion  noticeable  in  the  Plateau  district  says:  *' Perhaps  the 
most  widely  spread  occurrence  of  this  kind  is  the  contact  of  the  sum- 
mit of  the  Permian  with  the  Shinarump  conglomerate  which  forms 
the  base  of  the  Trias.  Wherever  this  horizon  is  exposed,  this  uncon- 
formity is  generally  manifest"  (7,  p.  211). 

As  to  the  character  of  the  Shinarump  conglomerate  Dutton  adds 
little,  in  the  publication  under  review,  to  the  earlier  statements. 
His  general  characterization  of  it  is  as  "a  light-brown,  coarse  sand- 
stone, here  and  there  passing  into  a  conglomerate  "  (7,  p.  17).  There 
never  seems  to  be  any  question  as  to  the  ability  to  recognize  the 
conglomerate  horizon,  with  Dutton  or  other  early  observers.  Com- 
menting on  the  uniformity  of  strata  of  the  whole  Plateau  section, 
Dutton  remarks  that:  "The  curious  Shinarump  conglomerate  is  the 
same  in  Pine  Valley  Moimtains  (near  St.  George),  in  the  terrace  at 
Kanab,  at  the  base  of  the  Echo  Cliflfs,  and  in  the  land  of  the  Standing 
Rocks"  (7,  p.  208).  The  last-named  locality  is  about  the  junction  of 
the  Grand  and  Green  rivers. 

On  the  geological  map  accompanying  this  monograph  Dutton 
distinguishes  the  Permian  from  the  Trias,  and  represents  both 
extending  south  along  the  eastern  side  of  the  Little  Colorado 
VaUey. 

The  Shinarump  of  Little  Colorado  Valley. — All  students  of  the 
northern  and  eastern  borders  of  the  Colorado  Plateau  agree  in  the 
general  view  expressed  by  Dutton  on  his  map  that  the  various  for- 
mations or  groups  between  the  Aubrey  and  the  base  of  the  Cretaceous 
cross  the  Colorado  Canyon  near  the  mouth  of  the  Paria  River,  and 
that  their  outcrops  extend  thence  southeasterly  on  the  northeast  side 
of  the  Little  Colorado  Valley.     From  the  statements  of  Marvine 
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(19,  p.  215)  it  would  appear  that  the  exact  horizon  of  the  Shinarump 
conglomerate  of  Powell  could  be  recognized  on  the  Little  Colorado 
near  the  main  crossing  of  the  early  route  of  travel.  Button  reports 
it  at  the  base  of  the  Echo  Cliffs.  The  only  detailed  investigation 
of  the  Shinanunp  beds  of  this  valley  thus  far  made  has,  however, 
produced  results  so  different  from  those  generally  accepted,  and 
especially  at  variance  with  Walcott's  section  as  to  require  some  dis- 
cussion. 

In  connection  with  an  examination  of  the  "petrified  forests" 
of  northeastern  Arizona  in  1899  and  1901,  Lester  F.  Ward  made  a 
study  of  the  formations  either  side  of  the  Little  Colorado  from  the 
Aubrey  (Carboniferous)  to  the  Cretaceous.  In  a  paper  on  the 
"Geology  of  the  Little  Colorado  Valley"  (26)  Ward  assigns  all 
beds  of  this  section  to  the  Triassic,  the  Jurassic  being  entirely  absent, 
in  his  opinion.  This  supposed  Triassic  system  embraces  3,500  feet 
of  strata  divided  by  Ward  into  three  parts,  according  to  the  following 
generalized  columnar  section. 


SECTION  IN  LITTLE  COLORADO   VALLEY.      WARD 

TEKI 

15.  White  sandstones 100 

14.  Brown  sandstones 200 

Painted  Des-  )  ^3-  Variegated  sandstones,  regulariy  stratified,  and  bril- 

ert  beds       \  liantly  colored;  the  well-known  Painted  Cliffs  800 

12.  Red-orange  sandstones 100 

1,200 


£ 

O 

6 


Leroux 
beds 


Shinarump 
conglom- 
erate 


II.   Calcareous  marls,  sometimes  worn  into  buttes  .  200 

10.   Mortar  beds,  flint  stones         ....  80 

9.   Limestone  ledge,  definitely  stratified  20 

8.   Sandstone  ledge 100 

7.  Variegated  marls,  argillaceous  and  calcareous 
with  bones  of  belodonts,  lab3rrinthodonts,  and 

dinosaurs 400 

6.  Conglomerate  and  coarse  cross-bedded  sand- 
stones with  clay  lenses  interstratified  with  gray 
argillaceous  shales  and  variegated  mails  .  800 

1,600 
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5.  Dark  chocolate-brown,  argillaceous  shales;    sallferous  200 

4.  Argillaceous  sandstones,  soft,  dark  brown  100 

Moencopie       )    3-  Argillaceous  shales,  dark  brown        ....  200 

])eds  )    ^*  Calcareous  shales,  white 100 

I.  Ai filaceous  shales,  sallferous 100 

700 

Total 3,500 

Limestone  or  Sandstone  of  Aubrey  (Pennsylvanian) 

In  a  later  publication  Ward  revises  the  nomenclature  of  this 
section,  speaking  of  the  Moencopie,  Shinarump,  and  Painted  Desert 
farmalionSy  and  under  the  Shinarump  distmguishing  the  Leroux  and 
Lithodendron  members,  the  latter  corresponding  to  the  Shinarump 
oxiglomerate  of  his  section  (27,  pp.  13-46).  The  term  "Lithoden- 
dnm  member"  refers  to  the  fossil  tree  trunks,  but  is  not  distinctive, 
since  these  remains  are  also  prominent  in  the  Leroux  member. 

The  discovery  of  a  vertebrate  faima  associated  with  fossil  wood 
in  a  definite  part  of  this  section  is  certainly  a  most  important  contri- 
bution, but  the  systematic  treatment  by  Ward  is  rather  confusing  as 
he  does  not  attempt  to  harmonize  his  results  with  those  of  Powell, 
Dutton,  Walcott,  and  others,  which  are,  for  the  most  part,  not  even 
referred  to. 

The  Painted  Desert  formation,  upon  which,  accordmg  to  Ward, 
"the  Cretaceous  lignites  and  limestones  lie  unconformably"  (26,  p. 
412)  is  clearly  the  equivalent  of  the  Vermilion  Cliff  and  White  Cliff 
sandstcmes,  although  he  makes  no  reference  to  earlier  opinions  or 
statements  concerning  the  extension  of  these  formations  into  the 
area  where  his  section  was  made. 

The  Moencopie  formation,  on  the  other  hand,  corresponds  in 
position  and  general  character  to  the  Permian  beds  found  by  Walcott 
in  the  Kanab  section.  Ward,  however,  foimd  no  fossiliferous  lime- 
stones and  makes  no  allusion  to  the  work  of  Walcott;  but  if  the 
Moencopie  beds  are  Triassic  they  clearly  belong  in  the  Shinarump 
Group  of  Powell.  In  any  case,  Ward's  use  of  Shinarump  in  a  third 
sense,  as  a  formation  name  for  1,600  feet  of  strata,  seems  unwarranted. 

The  correlation  of  eight  hundred  feet  of  sediments  of  variable 
character,  grading  into  marls  in  some  places,  with  the  Shmarump 
conglomeratey  is  a  procedure  requiring  clear  justification  by  facts  of 
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observation  not  to  be  found  in  Ward's  papers.  It  is  plain  that 
Powell  applied  the  name  to  a  particular  conglomerate  seldom  found 
to  exceed  more  than  one  hundred  feet  in  thickness  and  that  all  other 
writers  I  have  cited,  with  the  exception  of  Ward,  have  used  the 
term  for  what  they  believed  to  be  the  same  conglomerate.  It  appears 
to  be  impossible  to  locate  the  actual  horizon  of  the  Shinarump  con- 
glomerate in  the  Shinarump  formation  of  Ward,  yet,  as  the  ensuing 
discussion  will  show,  it  is  particularly  important  to  ascertain  the 
relation  of  the  beds  containing  the  reptilian  faxma  discovered  by 
Ward  to  the  Shinarump  conglomerate  of  earlier  investigators. 

For  reasons  to  be  developed,  it  appears  to  me  not  improbable  that 
the  horizon  of  the  Shinarump  conglomerate  proper  is  near  the  beds 
in  which  the  vertebrate  fossils  were  foimd,  possibly  at  the  base  of  the 
Leroux  member  of  Ward.  The  statements  of  Powell  and  Button 
indicate  that  the  conglomerate  may  become  inconspicuous  through 
thinning  and  that  it  may  locally  disappear  as  a  conglomerate.  Its 
horizon  may  be  difficult  of  detection  where  the  conglomerate  phase 
is  absent. 

If  it  be  assumed  for  the  moment  that  the  eight  himdred  feet  of 
beds  designated  by  Ward  the  Lithodendron  member  are  below  the 
horizon  of  the  Shinarump  conglomerate  proper,  there  is  reason  to 
believe  that  those  eight  hundred  feet  of  strata  belong  in  truth  with 
the  Moencopie  beds,  the  transition  reported  by  Ward  in  Red  Butte 
having  the  significance  suggested  for  it  by  him.  On  this  same 
assumption  the  Leroux  beds  of  Ward  fall  into  place  as  the  lower 
Triassic  of  the  Little  Colorado  Valley. 

No  fossils  surely  belonging  to  the  Moencopie  formation  were 
found  by  Ward.  Fossil  wood  is  common  in  both  members  of  the 
Shinarump.  The  celebrated  "petrified  forest"  in  which  large  pros- 
trate silicified  trunks  arc  abundant  represents  more  than  one 
stratigraphic  horizon.  The  so-called  "upper"  and  "lower"  forests 
are  said  to  be  in  the  Lithodendron  beds,  while  the  "middle"  forest 
is  in  the  Leroux  member.  As  but  one  species  of  the  silicified  wood 
has  been  identified  this  abundant  material  is  of  little  diagnostic  value  at 
present.  The  single  species  studied  is  Araucarioxylon  arizonicutn 
Knowlton  (15),  based  on  two  fossil  trunks  collected  by  Lieutenant 
Hegewald,  in  1879,  of  which  the  horizon  of  occurrence  is  unknown. 
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It  seems  to  be  assumed  by  Ward,  as  by  others,  that  the  occurrence 
of  fossil  wood  throughout  his  Shinarump  formation  is  an  indication 
of  its  unity.  But  until  these  woods  have  been  studied  the  correctness 
of  that  view  is  open  to  question.  The  presence  of  rounded  pebbles 
of  silidfied  wood  in  the  Shinarump  conglomerate  has  been  asserted 
by  several  observers,  and,  if  true,  this  fact  alone  must  cause  critical 
comparison  of  the  fossil  tnmks  occurring  above  and  below  this  horizon. 

The  only  tree  trunks  foimd  by  Ward  in  vertical  position,  as  though 
in  the  place  of  growth,  were  in  the  Leroux  beds  very  near  the  locality 
at  which  the  best  vertebrate  remains  were  found,  east  of  Tanner's 
crossing  of  the  Little  Colorado. 

Vertebrate  remains  were  foimd  by  Ward  and  Brown  only  in  the 
Leroux  beds  and  mostly  in  their  lower  portion.  The  principal 
localities  from  which  they  were  collected  by  Brown  for  the  National 
Museum  are  a  few  miles  east  or  north  of  Tanner's  Crossing,  but  they 
were  noted  at  other  places,  including  the  "petrified  forest."  The 
material  has  been  examined  and  partially  described  by  Lucas  (17 
and  18),  the  forms  identified  by  him  being  the  following: 

Two  belodont  crocodiles,  Episcoposaurus  sp.  ?  Cope,  and  Hete- 
rodoniosuchus  ganei,  Lucas,  the  type  of  which  came  from  the  San 
Juan  Valley,  Utah;  Metoposaurus  fraasi^  Lucas,  n.  sp.,  Placerias 
hesiemus^  Lucas,  n.  sp.,  and  Palaeoclonus  sp.  ?    Cope. 

This  faima  is  in  Lucas'  opinion  a  distinctly  upper  Triassic  one. 
He  remarks  that: 

Aside  from  the  interest  attached  to  the  finding  of  this  new  species  (of  Meio- 
fosamus)  is  the  more  important  fact  pointed  out  by  Dr.  Fraas  (personally)  that 
die  genus  Metoposaurus  is  characteristic  of  the  Keuper  of  Europe,  and  that  we 
have  in  these  Triassic  beds  of  Arizona,  Utah,  and  Wyoming  the  same  combination 
of  belodont  and  labyrinthodont  as  in  the  Keuper  (18,  p.  195). 

He  might  have  added  that  the  fauna  is  clearly  present  in  the 
Dolores  formation  of  Colorado. 

Ward  states  that  Brown  found  "a  small  number  of  shells  and  a 
few  other  invertebrates"  with  the  vertebrate  remains,  but  since  their 
diagnostic  value  was  questioned  by  Ward,  they  do  not  seem  to  have 
been  submitted  to  a  specialfat  for  examination.  Mr.  T.  W.  Stanton 
informs  me  that  the  only  invertebrates  now  in  Brown's  collection 
in  the  National  Museum  are  Paleozoic  brachiopods,  corals,  etc.,  in 
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pebbles.     It  is  not  certain  that  Ward  referred  to  this  material,  the 
significance  of  which  is  not  known. 

Comparing  the  results  obtained  by  Walcott  and  Ward  in  portions 
of  the  Colorado  Plateau  not  many  miles  apart  and  where  all  earlier 
geologists  have  given  the  impression  that  the  formations  change 
but  little  from  place  to  place,  we  find  in  fact  remarkable  differences. 
Walcott  established  an  unoHiformity  below  the  original  Shinarump 
conglomerate;  he  discovered  no  vertebrate  fossils  in  or  near  that 
stratum;  but  910  feet  above  it,  below  the  VermilicHi  Cliflf  sandstone, 
he  found  fish  remains  of  unique  character  suggesting  to  the  specialist 
Jurassic  rather  than  Triassic  aflSnities.  Ward,  cHi  the  other  hand, 
finds  at  400  to  800  feet  below  the  Vermilion  Cliflf  the  Triassic  reptilian 
fauna  characterizing  the  basal  portion  of  the  Dolores  formation 
through  western  Colorado  and  on  Grand  River;  he  noted  no  uncon- 
formity near  this  vertebrate  horizon  and  does  not  recognize  the 
Shinarump  conglomerate  of  Powell,  Walcott,  and  others.  These 
cliscri'[)ancics  demonstrate  that  there  is  room  for  much  further  study 
of  the  Shinarumi)  and  associated  formations  in  northern  Arizona. 

The  lower  Trias  oj  the  Zuni  Plateau. — The  continuity  of  Mesozoic 
anrl  upfxT  Paleozoic  formations  from  the  vicinity  of  the  Grand  Canyon 
into  northwestern  New  Mexico  is  a  subject  on  which  all  geologists 
who  liave  examined  the  region  are  agreed.  In  his  report  on  the 
Zufii  Plateau,  Button  (8,  p.  134)  identifies  450  feet  of  strata  as 
Permian,  througli  the  presence  of  fossils  mentioned  as  Bakewellia 
and  Myalina  (without  specific  identification)  and  from  the  strati- 
grajjliic  iK)sition  of  the  beds  between  the  Aubrey  and  a  sandstone  iden- 
tified by  Button  as  the  Shinarump  conglomerate.  The  identification  is 
not  convincing,  for  the  only  descriptive  terms  employed  are  of  general 
ap[)lication  and  indicate  a  character  which  one  cannot  suppose  to  be 
persistent.  The  Shinarump  conglomerate  is  referred  to  by  Button, 
in  speaking  of  its  general  character,  as  "a  well-marked,  coarse  sand- 
stone,'' and  as  *'a  very  coarse  conglomeratic  sandstone.*'  The  only 
statement  of  its  character  in  the  Zuni  Plateau  is  in  the  first  three  words 
of  the  following  sentence :  '*  The  coarse  sandstone,  equivalent,  I  believe, 
to  Powell's  Shinarump  conglomerate,  will  be  for  the  present  the  pro- 
visional base  of  the  [Triassic]  series"  (8,  p.  135).  In  view  of  Ward's 
statement  that  conglomeratic  beds  appear  variably  through  some 
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eight  hundred  feet  of  strata,  on  the  Little  Colorado,  one  may  question 
the  cx>rrectness  of  Button's  identification  of  this  datum  horizon.  This 
doubt  is  strengthened  by  the  statement  that  for  650  feet  above  the 
"conglomerate"  the  "strongly-colored  sandy  shales  abounding  in 
selenite  and  silicified  wood  ....  resemble  so  exactly  the  Permian 
below  that  it  is  quite  impossible  to  distinguish  them  lithologically " 
(8,  p.  135).  Between  these  shales  of  Permian  aspect  and  the  Wingate 
sandstone  which  Button  correlates  with  the  Vermilion  Cliff  occur 
eight  himdred  to  nine  himdred  feet  of  strata  which  are  rarely  so  well 
exposed  that  their  character  can  be  ascertained.  They  are  referred 
to  as  "lighter  colored,  pale,  dull-red  shales."  It  seems  inherently 
probable  that  the  base  of  the  Triassic  series  is  in  this  ill  exposed  part 
of  the  section,  not  far  below  the  Vermilion  Cliff  or  Wingate  sandstone. 


The  original  sweeping  assertions  of  Powell  and  Button  that  the 
Shinarump  Group,  including  all  beds  between  the  Aubrey  and  the 
Vermilion  Cliff,  extends,  in  almost  immodified  development,  north 
through  the  Plateau  country  to  the  Uinta  Mountains  were  based  on 
insufficient  knowledge.  There  is  much  evidence  to  show  that  the 
strata  of  the  section  in  question  do  not  preserve  that  wonderful 
constancy  of  character,  nor  the  uniform  thickness  to  be  inferred  from 
Button's  words,  which  have  been  quoted.  This  holds  true  for  both 
Triassic  and  Paleozoic  parts  of  the  section. 

Let  us  first  review  the  knowledge  concerning  these  deposits  in  the 
upper  reaches  of  the  canon  of  the  Colorado,  and  of  its  branches, 
the  Grand  and  Green  Rivers. 

Vicinity  of  the  Henry  Mountains. — Going  up  the  Colorado  less 
than  seventy-five  miles  above  the  mouth  of  Paria  River,  where  Powell, 
Button,  Gilbert,  and  others  have  examined  the  section,  we  come  to 
the  area  included  in  Gilbert's  study  of  the  Henry  Mountains.  For 
that  area  he  has  given  the  following  general  section  of  the  Shinarump 
Group  (12,  p.  6). 

Top  FEET 

o.  Variegated  clay  shale;  purple  and  white  above  and  chocolate  below,  with 

silicified  wood 300 

b.  Gray  con^merate,  with  silldfied  wood;  the  Shinarump  conglomerate  .  30 

c.  Chocolate-colored  shale,  in  part  sandy 400 

730 
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Beneath  this  sectioa  comes  the  Aubrey  sandstone;  above  it  is 
the  Vermilicm  CM  sandstone. 

This  section  is  materially  different  from  those  given  by  Powell, 
Walcott,  and  Ward,  but  no  explanaticm  is  offered  by  Gilbert.  He 
states  that  evidence  of  imconformity  below  the  Shinarump  conglom- 
erate was  not  f oimd  in  the  Henry  Moimtains,  but  if  only  four  himdred 
feet  of  strata  there  intervenes  between  the  conglomerate  and  the 
fossiliferous  Aubrey,  there  is  reason  to  believe  that  the  stratigraphlc 
break  at  that  horizon  is  considerable. 

The  oMistitution  of  the  beds  assigned  to  the  Shinarump  is  certainly 
different  from  that  of  the  typical  section  of  the  Kanab.  There  is 
nothing  said  of  sandstones  on  the  one  hand  or  gypsiferous  beds  on 
the  other. 

The  Jjnver  San  Juan  Valley. — In  oxmection  with  this  Henry 
Moimtains  secticHi,  it  is  well  to  consider  the  observations  made  by 
H.  S.  Gane  on  the  northern  side  of  San  Juan  River,  near  the  Colorado, 
which  I  made  public  in  an  earlier  discussicm  of  the  red  beds  of  the 
Plateau  Pro\Tnce  (4,  p.  476).  Gane  traced  several  Mesozoic  forma- 
tions down  the  San  Juan  Valley  from  the  head  of  McElmo  Creek  in 
Colorado,  a  point  very  near  the  La  Plata  quadrangle,  where  he  had 
assisted  in  the  study  and  mapping  of  those  formations,  under  my 
direction  (2).  Among  the  formations,  the  continuity  of  which 
to  the  Colorado  Canyon  seemed  clear  to  Gane,  is  the  Dolores  Triassic 
formation,  at  the  base  of  which  and  recurring  irregularly  in  the  lower 
sandstone  is  a  fine-graided  conglomerate  consisting  largely  of  lime- 
stone pebbles  and  carrying  teeth  and  fragments  of  bones  of  several 
vertebrates.  Tracing  this  fossiliferous  zone  down  the  valley,  Gane 
foimd  in  it  at  Clay  Hill  di\nde,  about  twenty  miles  east  of  the  northern 
end  of  Glen  Canyon,  a  portion  of  a  crocodile  jaw,  imusually  well 
preserved.  This  specimen  was  described  by  Lucas  (16)  as  the 
type  of  Heterodentosuchus  ganei.  This  form  is  the  most  abundant 
one  in  the  collection  made  by  Ward  and  Brown  in  the  Leroux  beds 
and  it  is  also  very  common  in  the  Dolores  formation  in  the  San  Juan 
region  of  Colorado,  as  appears  from  the  work  in  my  charge.  Unios 
were  noted  by  Gane  associated  with  the  vertebrate. 

There  is  no  means  of  proving  that  the  conglomerate  called  the 
Shinarump  by  Gilbert  in  his  section  is  the  same  as  that  canying 
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aocodilian  remains  at  Clay  Hill,  but,  from  the  ensuing  discussion, 
it  will  seem  not  at  all  imlikely  that  such  is  the  case. 

Newberry s  Grand  River  section. — ^Whcre  the  Colorado  begins, 
at  the  jimction  of  Grand  and  Green  Rivers,  about  forty-five  miles 
northeast  of  the  Henry  Mountains,  is  one  of  the  points  cited  by  Duttcm 
at  which  the  Shinarump  Group  is  typically  developed  (see  p.  103)  and 
where  he  says  the  Shinarump  conglomerate  is  found  in  its  character- 
istic form.  Aside  from  the  very  general  statements  of  Powell  (22), 
I  can  find  nothing  in  the  literature  of  the  Plateau  Province  recording 
observations  made  at  this  locality.  Dutton  refers  to  Newberry's 
description  of  the  formations  on  Grand  River  some  miles  above  the 
junction  with  the  Green.  The  vivid  pen  pictures  of  the  scenery  and 
of  the  broader  stratigraphic  features  given  by  this  earlier  explorer 
of  the  region  do  indeed  agree  very  well  with  those  of  Powell,  but  it 
is  difl&cult  to  recognize  the  Shinarump  of  Arizona  in  the  section 
Newberry  gives  of  the  possible  Triassic  beds.  He  found  fossiliferous 
Carboniferous  strata  (which  DuttcHi  and  Powell  considered  as  Aubrey) 
in  the  Grand  River  Canyon  where  he  descended  to  the  stream,* 
and  measured  the  superjacent  secticm  of  red  beds  in  "  Cafion  Colo- 
rado," the  side  gorge  traversed  in  making  the  descent.  This  section 
follows  (20,  p.  99): 

SECTION  IN  CANON  COLORADO,   UTAH      (NEWBERRY) 

FEET 

9.   Red  and  brown  massive  sandstone,  fine-grained,  not  hard.    No  fossils    270 

10.  Soft  red  sandstone,  in  thin  layers,  separated  by  beds  of  red  or  dark 
brown  shales 350 

11.  Greenish-gray  micaceous  congbmerate  and  gray  sandstone,  separated 

by  red  and  purple  shales 92 

12.  Soft  liver-colored  sandstones,  becoming  suddenly  and  locally  nearly 
white,  with  partings  of  shale 350 

13.  Brick-red  massive  calcareous  sandstones,  with  some  like  the  last.  164 

As  I  have  explained  in  the  paper  on  a  reconnaissance  to  Grand 
River,  at  Moab  (S,  p.  644),  the  strata  imder  No.  9  of  Newberry's 
section  clearly  belong  to  the  lower  part  of  the  La  Plata  or  White  Cliff 

I  Newberry  believed  that  the  side  cafion  descended  by  him  to  Grand  River  was 
but  a  few  miles  above  the  union  with  Green  River.  But  it  seems  from  most  recent 
maps  that  the  "  Cafion  Colorado,"  in  which  Newberry's  route  lay.  enters  Grand  River 
cafion  about  twenty-four  miles  above  Green  River,  and  only  about  nine  miles  below 
the  present  site  of  Moab. 
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Jurassic  sandstone,  and  No.  lo  to  the  Vermilicm  Cliff  sandstone. 
Possibly  No.  ii  ccmtains  the  Shinarump  conglomerate.  If  so,  it 
would  appear  that  the  Triassic  portion  of  the  Shinarump  is  repre- 
sented by  but  ninty-two  feet  of  beds  at  this  point.  On  that  basis 
Newberry's  section  is  in  dose  agreement  with  that  a  few  miles  farther 
up  Grand  River,  next  to  be  considered.  But  Nos.  12  and  13  are  quite 
unlike  the  strata  underlying  the  Shinarump  conglomerate  in  Arizona. 
Fossil  wood  was  not  mentioned  by  Newberry  in  any  of  the  strata 
assigned  to  the  Trias.  These  consideraticms  show  that  that  part  of 
the  section  on  lower  Grand  River  corresponding  to  the  Shinarump 
in  stratigraphic  position  does  not  in  fact  resembk  the  typical  section 
of  that  group  closely  in  any  particular. 

Grand  River  Valley  near  Moab. — ^That  the  generalization  just 
expressed  is  correct  has  been  amply  demonstrated  by  an  examination 
by  myself  and  associates  of  the  formations  exposed  in  the  Grand 
River  Valley  near  Moab  and  for  about  twenty  five  miles  above  that 
point.  I  have  recently  published  (5)  the  results  of  that  recm- 
naissance,  made  in  1905,  and  need  here  repeat  only  the  salient  facts 
affecting  the  question  of  the  Shiftarump. 

The  Vermilion  Cliff  and  White  Cliff  sandstones,  of  the  general 
character  noted  by  Powell,  are  unmistakable  datum  formations 
from  which  to  start  in  stratigraphic  studies  in  Grand  River  Valley. 
Below  the  former,  however,  we  found  many  things  at  variance  with 
the  idea  of  simplicity  and  regularity  in  this  part  of  the  section.  Oppo- 
site Moab  on  the  northwest  side  of  Grand  River  the  section  exposed 
below  the  Vermilion  Cliff  sandstone  is  as  follows: 

SECTION  NEAR  MOAB,   UTAH 

TEST 

Top,  Vermilion  Cliff  Sandstone 
12.   Sandstone,  massive  or  shaly,  dark  red  at  base  and  bright  red  at  top 
II.   Shaly,  conglomeratic  sandstone  with  numerous  reddish  limestone  peb 
bles  the  size  of  a  pea  or  smaller;  a  few  small  bone  fragments 

10.  ■  Sandy  shales,  red  and  green 

9.    Debris  slope  apparently  representing  red  shale 

8.   Limestone  conglomerate,  with  a  few  inches  of  limestone  at  top;  fossil 

woo<l  and  bone  fragments;  pebbles  less  than  two  inches  diameter 
7.   Sandstone,  gray,  massive 
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Carried  forward 81 

6.  Limestone  conglomerate,  grading  into  sandstone                         .         •  xi 

5.  Sandstone,  gray,  massive,  becoming  shaly  near  top  ....  23 
4.   Calcareous  sandstone  with  fine-grained  congbmerate  near  base  and 

top;  pebbles  of  limestone  and  sandstone  with  occasional  bone  fragments ; 

pebbles  vaiy  from  size  of  a  pea  to  several  inches  diameter  9 

3.  Red  sandy  shale  alternating  with  sandstone 8 

3.  Con^omerate  containing  pebbles  of  limestone  and  sandstone  z 
z.   Sandstone  and  shale  alternating,  red  and  green,  the  shales  sandy  and 

friable 35 

Beneath  No.  i  of  this  section  is  a  blue  limestone  carrying  coral 
(Zaphrentis),  and,  in  all,  380  feet  of  Pennsylvanian  beds  are  exposed, 
consisting  of  alternating  sandstones  and  limestones,  with  abundant 
fossils.  No  unconformity  was  noticeable  between  the  coralline 
limestone  and  the  overlying  sandstone  and  it  is  not  certain  whether 
Nos.  I,  2,  and  3  of  the  above  section  should  be  included  with  the 
Carboniferous  or  not. 

The  point  to  be  emphasized  is  that  for  somewhat  more  than 
one  himdred  feet  below  the  Vermilion  Cliff  in  this  section  the  beds 
present  the  characteristics  of  the  lower  part  of  the  Dolores  formation 
of  Colorado  rather  than  of  Bnytbmg  hitherto  described  from  the 
Shinarump.  There  is  at  most  only  about  forty-five  feet  of  beds  refer- 
able to  any  formation  between  the  Pennsylvanian  and  Dolores. 

In  Grand  River  Canyon,  twelve  miles  above  Moab,  the  bone- 
bearing  limestone-conglomerate  series  is  found  in  marked  angular 
unccMiformity  with  the  underlying  beds  and  it  is  probable  that  two 
thousand  feet  of  strata  consisting  of  two  groups  of  sandstones,  con- 
glomerates, and  shales,  separated  by  a  gypsiferous-shale  series,  are 
present  between  the  Pennsylvanian  and  Dolores  strata.  No  fossils 
were  foimd  in  these  intermediate  beds,  but  they  seem  to  correspond 
to  the  strata  of  possible  Permian  age  known  in  Colorado  between  the 
Dolores  and  Hermosa  (Pennsylvanian)  formations,  and  collectively 
termed  the  Cutler  formation  in  the  San  Juan  folios  (3). 

We  found  no  specifically  determinable  bones  in  the  beds  below  the 
Vermilion  CliflF  on  Grand  River.  The  best  obtained  was  a  crushed 
vertebra  belonging,  according  to  Mr.  Gidley,  to  a  Triassic  form  of 
carnivorous   Dinosaur,  or  possibly  to  a  belodont  crocodile.    The 
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f ragmcntar}-  coaditioD  of  the  remains  and  the  rarity  of  detenninable 
specimens  is,  howev-er,  entirely  analoguous  with  the  ocxnirrence  of 
similar  material  in  the  Dolores  beds  in  Cokvado. 

Poorly  preserved  Unios  are  common  in  the  Dolores  formation 
and  we  ob5er\-ed  ver}*  similar  undeterminable  shells  in  the  amglom- 
erate  with  bone  fragments,  at  Moab.  Three  species  of  Triassic 
Unios  in  a  much  better  state  of  preservation  were  found  some 
years  ago  on  Grand  Riv-er  ver>-  near  the  Vermilion  QifiF  sandstone 
by  L.  M.  Prindle  (5,  p-  653),  and  there  is  no  basis  for  doubting  that 
they  came  from  the  bone-bearing  series  of  beds. 

With  this  knowledge  of  the  Moab  and  Grand  River  sections,  it 
seems  almost  certain  that  the  ninety-two  feet  of  strata  embraced 
under  No.  11  of  Newberry's  section  represent  the  series  of  bone- 
bearing  conglomerates,  etc.,  which  we  refer  to  the  Dolores  formation. 
The  absence  of  the  gypsiferous  shales  and  of  the  overlying  conglom- 
erates, sandstones,  and  shales,  indicates  a  stratigraphic  break  in 
Newberry's  section  and  the  probabk  horizon  of  the  break  b  beneath 
No.  II. 

Uinla  Mountains. — ^The  statements  of  Powell  and  Dutton  that 
the  Shinarump  Group  is  typically  developed  on  the  flanks  of  the 
Unita  Mountains  are  without  confirmation  in  the  descriptions  of  the 
strata  referred  to  the  Triassic  by  these  authors  or  the  geologists  of 
the  Fortieth  Parallel  Survey.  Powell  refers  1,095  '^^  ^^  "^s  west 
of  Flaming  Gorge  to  the  Shinarump  and  describes  them  briefly  as 
follows:  "Shales  and  sandstones  containing  much  gypsum;  weather- 
ing in  many  colors,  but  brown  and  chocolate  tints  prevailing;  in 
many  places  constituting  bad-land  beds"  (23,  p.  152).  There  is 
no  suggestion  of  the  Shinarump  conglomerate  in  this  section. 

It  is  clear  that  Powell  included  in  the  Shinarump  of  the  Uintas 
the  Ix'ds  called  Permo- Carboniferous  by  the  Fortieth  Parallel  geolo- 
gists, and  Permian  by  Dutton  in  his  Grand  Can3ron  monograph,  and 
the  descrii)tion  above  cited  seems  to  apply  to  those  strata.  There 
is  no  known  evidence  that  the  fossiliferous  horizon  found  at  Moab  is 
present  on  the  Uinta  slojx^s,  but  the  discovery  reported  by  Williston 
(28)  of  a  Triassic  vertebrate  fauna  in  Wyoming  closely  related 
to,  if  not  identical  with,  that  from  the  Little  Colorado  Valley  and  the 
Dolores  formation  makes  it  not  improbable  that  closer  study  will 
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disclose  the  fossiliferous  horizon  in  the  Uinta  Mountains.  From  the 
relations  found  on  Grand  River,  it  seems  probable  that  the  equivalent 
of  the  "saurian  conglomerate"  occurs  near  the  Vermilion  ClifiF 
sandstone  if  present  at  all  in  the  Uinta  section. 

The  only  statement  I  have  found  in  regard  to  the  Trias  of  the 
Uintas  suggesting  the  presence  of  the  fossiliferous  horizon  of  the 
Dolores  formation,  or,  as  it  might  be  otherwise  interpreted,  of  the 
Shinarump  conglomerate,  is  a  passage  from  King's  description  of 
the  section  on  the  northern  slopes  of  the  mountains  near  Vermilion 
Creek.  He  remarks  that  the  basal  portion  of  the  Trias  consists  "of 
red  conglomerate-bearing  sandstones  which  carry  a  seam  of  drab 
limestone.  Above  these  is  a  body  of  red  sandstone  of  several  hundred 
feet"  (14,  p.  259).  This  heavy  sandstone  seems  to  correspond  to 
the  Vermilion  Cliff  sandstone,  for  above  it  comes  a  lighter-colored 
cross-bedded  sandstone  answering  to  the  White  Cliff  or  La  Plata 
sandstone.  Emmons  describes  the  same  section  in  similar  terms 
(10,  p.  275).  Presumably  the  "conglomerate-bearing  sandstone" 
is  quite  near  the  Vermilion  Cliff  and  this  at  once  suggests  comparison 
with  the  Grand  River  section. 

The  foregoing  discussion  has  not  taken  into  account  the  lower 
Triassic  beds  of  southeastern  Idaho,  often  termed  the  "Meekoceras 
beds"  from  characteristic  marine  fossils  they  contain.  These  beds 
are  not  known  in  any  of  the  areas  referred  to  in  this  paper.  If  ever 
present  in  Colorado  or  the  Plateau  Province  the  marine  lower  Tri- 
assic beds  must  have  been  removed  by  the  pre-Dolores  erosion. 
The  interesting  probkm  as  to  the  relations  of  the  Meekoceras  beds 
to  the  so-called  Permian  or  Permo-Carboniferous  formations  of  Utah 
is  clearly  beyond  the  scope  of  this  paper. 

It  is  hoped  that  the  foregoing  discussion  will  have  made  clear 
to  the  reader  that  there  are  strong  reasons  for  correlating  the  Triassic 
portion  of  Powell's  Shinarump  Group  with  the  lower  part  of  the 
Dolores  formation  of  Colorado.  The  fossiliferous  "saurian  con- 
glomerate "  of  the  Dolores  has  been  traced  into  the  heart  of  the  Plateau 
country  and  a  notable  unconformity  found  below  it  there  as  well  as 
in  the  San  Juan  Mountains  of  Colorado.  The  reptilian  fauna  of 
the  "saurian  conglomerate"  has  been  found  on  the  Little  Colorado, 
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at  a  horizon  corresponding  closely  to  that  at  which  the  Shinarump 
conglomerate  must  come,  and  at  a  point  only  about  sixty  miles 
southeast  of  typical  exposures  of  that  conglomerate  in  the  cliffs  of 
the  Paria  Plateau.  On  stratigraphic  grounds  it  appears  probable 
that  the  Shinarump  conglomerate  and  the  "saurian  conglomerate" 
occur  at  the  same  horizon. 
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A  PYRRHOTITIC  PERIDOTITE  FROM  KNOX  COUNTY, 
MAINE"— A  SULPHIDE  ORE  OF  IGNEOUS  ORIGIN 


EDSON  S.  BASTIN 
Washington,  D.  C. 


The  rock  here  described,  though  of  slight  areal  extent,  is  of  rather 
unusual  interest  as  a  representative  of  a  little-known  type  of  sulphide 
ores  consolidated  from  a  molten  magma,  and  also  as  the  first-described 
representative  of  subclass  2  of  the  perfemane  class  (class  V)  of  the 
quantitative  system  of  classification,  all  of  the  extremely  basic  rocks 
thus  far  described  falling  in  subclass  i,  perfemane,  of  this  class. 
The  rock  also  shows  beautiful  examples  of  reaction  rims  of  hornblende 
between  plagioclase  feldspar  and  olivine,  an  alteration  to  which  little 
reference  has  been  made  in  petrographic  literature. 

Location  and  geologic  occurrence. — ^The  rock  here  described  occurs 
on  the  farm  of  Mr.  Charles  A.  Millers,  about  three-fourths  of  a  mQe 
southwest  of  the  village  of  East  Union  in  the  town  <rf  Union,  Knox 
County,  Maine.  It  constitutes  a  single  outcrop  about  forty  to  fifty 
feet  across.  The  rock  disintegrates  rapidly,  and  the  partly  disinte- 
grated material  has  been  excavated  to  some  extent  for  use  in  improv- 
ing the  roads.  All  of  the  present  surfaces  are  "rusty,  and  a  number 
of  well-rounded  bowlders  of  disintegration  which  have  withstood 
weathering  longer  than  other  portions  lie  partially  imbedded  in 
the  gravelly  disintegrated  material.  The  rock  is  extremely  tough 
and  resistant  under  the  hammer. 

In  the  woods,  about  one-half  mile  southeast  of  tht  outcrop  de- 
scribed above,  a  small  prospect  pit  has  been  dug  in  loose  ferruginous 
material,  which  probably  passes  below  into  rock  similar  to  that  on 
the  Millers  farm. 

The  above-mentioned  localities  lie  within  the  area  of  the  Rockland 
quadrangle,  near  its  western  border.  The  rocks  of  the  region  are 
regionally  metamorphosed  sediments  probably  of  Cambro-Ordovician 
age,  which  have  been  intruded  and  further  metamorphosed  by  granitic 
rocks.     The  peridotite  here  described  is  in  all  probability  intrusive 
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into  these  sediments.  Gabbroid  and  dioritic  rocks  whose  relations 
show  them  to  be  differentiation  products  from  the  granitic  magmas 
are  of  common  occurrence  in  this  region,  and  the  p3nThotitic  peridotite 
under  discussion  probably  represents  an  extreme  phase  of  this  dif- 
ferentiation process,  although  it  may  on  the  other  hand  be  wholly 
unconnected  in  origin  with  the  granitic  intrusions. 

MEGASCOPIC  APPEARANCE 

The  megascopic  appearance  of  this  rock  is  so  unusual  as  to  attract 
immediate  attention  in  the  field.     It  is  medium-grained  (millimeter- 


Fio.  1. — ^Tracing  from  polished  surface  of  peridotite.  The  black  areas  represent 
pyrrhotite  with  smaU  associated  amounts  of  chalcopyrite  and  pyrite.  The  white  areas 
are  occupied  mainly  by  olivine  with  some  hornblende  and  plagioclase  feldspar. 
(Natural  size.) 

grained),  holooystalline,  and  equigranular,  and  is  composed  of  a 
yellowish-gray,  metallic-looking  mineral,  which  proves  to  be  pyrrhotite 
scattered  in  very  irregular  masses  through  a  ground-mass  which 
for  the  most  part  appears  structureless  and  is  dark  green  to  nearly 
black  in  color.  The  form  and  natural  size  of  the  pyrrhotite  areas 
are  shown  in  Fig.  i,  which  was  traced  from  a  polished  surface. 

In  irregular  association  with  the  p)rrrhotitc  are  small  amounts 
of  chalcop3rrite  distinguishable  by  its  yellower  tint.  Most  of  the 
nearly  black  matrix  between  the  sulphide  masses  exhibits  no  trace 
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of  cleavage  and  is  shown  under  the  microscope  to  be  olivine,  its 
dark  color  being  due  to  the  abundance  of  minute  magnetite  inclusions 
which  it  contains.  Scattered  dark-green  or  bronze-colored  grains 
in  the  ground-mass  which  show  distinct  cleavage  faces  are  seen 
under  the  microscope  to  be  hornblende.  Small,  scattered  areas, 
gray  in  color  with  a  dull  luster,  are  plagioclase  feldspar.  In  general 
the  rock  is  remarkably  fresh.  Serpentine  and  chlorite,  which  have 
resulted  from  olivine  and  hornblende  decomposition,  are  confined 
largely  to  certain  layers  which  are  thread-like  in  form  as  seen  in  cross- 
section  on  a  polished  surface.  These  areas  oi  decomposition  are 
largest  between  closely  grouped  pyrrhotite  masses,  and  the  narrower 
strands  run  from  one  pyrrhotite  mass  to  another  and  are  parallel 
in  their  general  trend  throughout  the  hand  specimen. 

The  characters  and  relationships  of  the  various  original  and 
secondary  minerals  which  compose  the  rock  are  described  in  detail 
below. 

ORIGINAL  MINERALS 

Olivine, — This  is  the  most  abundant  original  constituent  of  the 
rock,  and  estimates  on  six  slides  show  that  it  makes  up  about  60  per 
cent,  by  volume  of  the  whole  rock.  Since  the  specific  gravity  of  the 
rock  is  about  3 .  42  while  the  average  for  olivine  is  in  the  neighborhood 
of  3-35>  the  percentage  of  olivine  by  weight  would  be  only  slightly 
less  than  this  figure.  The  norm  shows  only  30.99  per  cent,  by 
weight  of  olivine  but  in  addition  shows  22.06  per  cent,  by  weight  of 
hypersthene,  a  mineral  not  observed  in  the  rock  itself.  A  part  of  the 
iron  belonging  to  the  hypersthene  in  the  norm  appears  in  the  mode 
in  the  more  siliceous  mineral  hornblende,  while  the  remainder  appears 
in  olivine,  a  mineral  less  siliceous  than  hypersthene. 

The  olivine  occurs  in  rounded  grains  ranging  from  i  or  2™°* 
to  8""^  in  length,  the  majority  being  between  3  and  4  °*™.  Most  of 
the  grains  are  entirely  fresh  except  for  a  narrow  alteration  zone  of 
fibrous  serpentine  about  their  borders.  Certain  narrow  bands 
traversing  the  rock  in  a  manner  already  described  are  character- 
ized, however,  by  much  more  extensive  alteration,  and  in  these  areas 
the  olivine  grains  may  be  partly  or  wholly  serpentinized,  the  alteration 
having,  as  is  usual,  been  most  extensive  along  the  irregular  cracks 
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and  about  the  peripheries  of  the  grains.  The  characteristic  appear- 
ance of  the  less  altered  olivine  grains  is  shown  in  Fig.  2,  in  which  most 
of  the  narrow  serpentine  borders  appear  white.  The  large  black 
area  is  pyrrhotite. 

Pyrrhoiiie. — Next  to  olivine,  p)Trhotite  is  the  most  important 
mineral  of   the  rock.    The  analysis  shows  that  it  contains  small 


Fig.  a. — Pyrrhotite  (black)  in  characteristic  allotriomorphic  association  with 
olivine.  The  dark  bands  traversing  the  olivine  are  lines  of  magnetite  inclusions.  The 
white  borders  around  some  of  the  olivine  grains  are  serpentine.  (Magnification  about 
thirty  diameters,  polarized  light.) 

amounts  of  nickel  and  cobalt,  and  constitutes  22.50  per  cent,  by 
weight  of  the  whole  rock.  A  small  amount  of  pyrite  is  also  included 
in  this  determination  and  under  the  microscope  this  mineral  is  seen 
to  form  a  small  part  of  some  of  the  areas  between  the  olivine  grains, 
which  are  occupied  mainly  by  p)Trhotite.  The  volume  relations 
between  the  pyrrhotite  (with  small  amounts  of  other  sulphides)  and 
the  other  rock  constituents  may  be  judged  from  Fig.  i. 
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As  shown  in  Fig  2,  the  pyrrhotite  is  normally  comjdetely  allotrio- 
morphic  with  respect  to  olivine  grains,  its  relaticHis  in  this  respect 
being  similar  in  every  way  to  those  exhibited  by  the  feldspar.  The 
P3Trhotite  is  also  in  contact  with  fiesh  massive  hornblende  and  with 
almost  unaltered  plagiodase  feldspar.  The  allotriomorphic  relaticxi 
of  nearly  all  the  p3Trhotite  to  unaltered  grains  of  the  original  mineral 
olivine  is  considered  to  be  conclusive  evidence  that  practically  all 
the  p3Trhotite  is  an  original  crystallization  from  the  magma  and  is  , 
essentially  contemporaneous  with  the  other  principal  constituents 
of  the  rock.  In  a  few  narrow  zones  traversing  the  rock,  pyrrhotite 
occurs  in  angular  areas  more  or  less  connected  with  each  other  and 
associated  with  chlorite  and  hornblende.  These  very  limited  portions 
may  be  a  secondary  crystallization. 

Feldspar. — In  the  hand  specimens  this  mineral  forms  dull-gray 
areas  with  irregular  outlines,  never  over  one-foiuth  of  an  inch  and 
seldom  over  one-eighth  of  an  inch  across.  Under  the  microscope 
it  is  found  to  occupy  irregular  areas  between  the  rounded  olivine 
grains,  with  respect  to  which  the  feldspar  is  entirely  allotriomorphic. 
It  shows  albite  and  occasionally  carlsbad  twinning,  the  angles  of 
the  former  running  up  to  thirty  degrees.  The  index  of  refraction 
as  determined  on  powdered  material  by  the  immersion  method 
approximates  1.55.  The  angle  in  the  section  perpendicular  to  the 
negative  bisectrix  between  M  and  the  plane  of  the  optic  axes  is  twenty- 
nine  degrees.  These  results  show  that  the  feldspar  is  andesine- 
labradorite  with  approximately  the  composition  Ab,An,.  These 
are  also  the  exact  proportions  in  which  albite  and  anorthite  are  present 
in  the  norm  as  calculated  from  the  analysis. 

With  the  exception  of  the  reaction  rims  of  amphibole  described 
in  the  section  on  secondary  minerals,  the  feldspar  is  in  general  very 
fresh  though  some  of  it  is  clouded  with  aggregates  of  small,  highly 
refracting  plates  and  flakes.  Most  of  these  have  indices  of  refraction 
which  are  only  slightly  greater  than  that  of  the  feldspar,  and  are 
probably  muscovite.  Others  of  higher  index  are  probably  an  amphi- 
bole similar  to  that  developed  between  the  feldspar  and  the  olivine. 

Hornblende. — The  mineral  next  in  importance  is  hornblende, 
which,  in  some  parts  of  the  rock,  is  almost  wholly  absent,  but  in  other 
parts  is  present  in  large  crystals,  which  are  allotriomorphic  with 
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respect  to  the  olivine  grains.    Nearly  all  of  the  larger  hornblende 
crystals    contain   small,  rounded  olivine   inclusions,  usually  fresh, 
though  sometimes  serpentinized.    The  mineral  is  identified  as  horn- 
blende by  the  rhombic  cleavage  exhibited  in  some  sections,  by  its 
index  of  refraction,  which  is  intermediate  between  those  of  olivine 
and  serpentine,  and  by  its  double  refraction,  which,  by  comparison 
oi  its  interference  colors  with  those  exhibited  by  olivine,  is  found  to 
be  about  0.022  to  0.024.    Its  extinction  angles  in  sections  in  which 
the  deavage  parallel  to  c  is  well  defined  range  up  to  twenty-seven 
degrees.     The  pleochroism  is  usually  weak  though  strong  in  certain 
sections.     The  colors  vary  from  pale  pink  to  pale  green  and,  in  some 
sections,  deep  brown.    There  is  frequently  more  or  less  mottling,  due 
to  slight  variations  in  color  and  birefringence  from  point  to  point. 
The  contacts  between  hornblende  and  olivine  and  between  hornblende 
and  pyrrhotite  are  in  most  cases  perfectly  sharp,  neither  mineral 
having  undergone  alteration.    Between  hornblende  and  feldspar,  the 
contact  though  normally  sharp,  occasionally  shows  evidence  of  some 
recrystallizaticHi  of  the  hornblende  next  the  feldspar.    The  abundant 
small  olivine  inclusions  present  in  the  larger  hornblendes  seem  to 
indicate  that  the  latter  mineral  followed  very  close  upon  the  olivine 
in    crystallization    and    was    probably    in    part    contemporaneous 
with    it.     The   pyrrhotite    and    feldspar   probably   crystallized   at 
about   the   same  time,   and  followed  close   upon  the   homblende 
crystallization. 

Magnetite. — Magnetite  is  present  only  in  minute  irregular  grains 
scattered  through  the  olivine  crystals  in  bands  of  varying  width, 
many  of  which  represent  fracture  planes.  The  magnetite  as  seen  in 
the  thin  sections  seems  to  form  from  5  to  40  per  cent,  by  volume  of 
the  olivine  grains.  The  average  is  estimated  at  at  least  10  per  cent. 
by  volume  or  about  17  per  cent,  by  weight.  Since  the  olivine  was 
estimated  to  constitute  about  60  per  cent,  by  weight  of  the  whole 
rock  the  magnetite  included  in  it  will  form  17  per  cent,  of  60  per  cent. 
or  about  10  per  cent,  by  weight  of  the  whole  rock.  In  the  analysis 
all  the  iron  was  determined  as  FeO  but  in  the  calculation  of  the  norm 
a  part  was  apportioned  to  10  per  cent,  of  magnetite,  the  remaining 
iron  forming  5.64  per  cent,  of  FeO.  Many  of  the  magnetite  bands 
extend  from  one  olivine  grain  into  another  which  is  in  contact 
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it,  but  they  arc  nowhere  observed  to  continue  into  adjacent  areas 
of  feldspar,  hornblende,  or  pyrrhotitc. 

Chakopyrite. — The  analysis  shows  this  mineral  to  constitute 
1 ,03  per  cent,  by  weight  of  the  rock.  In  the  hand  specimens  and 
slides  it  is  seen  to  be  associated  irregularly  and  in  small  amounts,  as 
was  p>Tite,  with  the  areas  of  pyrrhotite. 

Pyrite. — Small  amounts  of  pyrite  are  associated  irregularly  with  the 
pyrrhotite. 

Biotite. — ^This  mineral  occurs  as  a  few  scattered  plates  seldom 
over  0.7"*'"  in  greatest  dimension,  which  in  some  sections  are  entirely 
surrounded  by  olivine.  In  other  cases  the  biotite  occurs  in  long  narrow 
areas  between  olivine  and  pyrrhotite.  In  one  case,  which  is  shown 
in  Fig.  2,  a  narrow  biotite  blade  lies  at  right  angles  to  the  contact  be- 
tween perfectly  fresh  olivine  and  pyrrhotite,  penetrating  some  distance 
into  each  of  the  cr}'stals.  In  this  occurrence  at  least  it  is  undoubtedly 
primary,  though  some  of  the  plates  may  be  of  secondary  origin. 

Spinal — A  few  grains  of  a  dark  green  isotropic  mineral  occur  in 
certain  portions  of  the  rock  in  irregular  association  with  pynotite  and 
hornblende  or  as  inclusions  in  the  latter  mineral.  Its  grains  are  without 
regularity  in  form  and  range  in  size  up  to  0.4""  though  mosdy 
under  0.2'""*.    The  mineral  is  probably  pleonaste  or  chlorospincl. 

SECONDARY  MINERALS 

Serpentine, — ^This  mineral  is  developed  in  short,  dosely  aggregated 
fibc^rs  as  an  alteration  product  of  olivine.  Most  of  it  is  colorless  in 
the  thin  section ;  but  rarely  light  to  deep  yellow  colors  occur.  Between 
crossed  nicols  it  is,  in  some  cases,  nearly  isotropic,  while  in  other 
cases  showing  blue-gray  interference  colors.  The  serpentinization 
begins  in  the  normal  manner  at  the  borders  of  the  olivine  grains 
and  proceeds  inwards  along  irregular  cracks.  The  degree  of  serpen- 
tinization varies  greatly  in  different  portions  of  the  rock,  some  olivine 
grains  showing  only  a  narrow  border  of  serpentine  not  exceeding 
o  01  jmm  \^  yfx^i}^  aloug  their  contact  with  pyrrhotite  and  chalcopyrite, 
while  in  other  cases  the  olivine  grains  have  been  almost  entirely 
serpentinizc^l. 

Ampbibole. — In  atidition  to  original  hornblende,  whose  occurrence 
has  already  U»en  described,  amphibole  occurs  as  reaction  rims  between 
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plagiodase  feldspar  and  olivine  or  pyrrhotite.  Most  of  these  zones 
vary  in  width  from  0.02™"*  to  i™"*,  and  show  a  more  or  less  radiate 
structure,  amphibole  fibers  or  brushes  being  directed  about  at  right 
angles  to  the  borders  of  the  feldspar  crystals.  The  mineral  forming 
the  rims  is  identified  as  amphibole  by  the  fact  that  it  is  in  some  places 
in  crystallographic  continuity  with  the  massive  hornblende  already 


Fig.  3. — ^Reaction  rims  of  amphibole  bordering  feldspar.  F  —  Feldspar  (andesite- 
Ubradorite),  P^Pjrrrhotite,  O*  Olivine.  Note  the  double  character  of  the  rims 
between  feldspar  and  olivine/  their  single  character  between  feldspar  and  pyrrhotite, 
and  their  entire  absence  between  olivine  and  pyrrhotite.  (Magnification  about  thirty 
diameters,  polarixed  light.) 


described,  by  its  double  refraction  (about  o .  024),  and  its  index  of  refrac- 
tion, which  is  intermediate  between  those  of  olivine  and  serpentine. 

Some  of  these  fringe-like  borders  show  two  layers  of  fibers,  usually 
in  dose  contact  with  each  other,  but  in  some  cases  separated  by  a 
narrow  band  of  a  ncm-fibrous  hornblende,  which  usually  shows  a 
faint  tint  of  brown.    In  the  double  borders  developed  between 
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{dagiodase  and  olivine,  the  bands  of  minute  magnetite  inclusions 
so  characteristic  of  the  latter  frequently  continue  through  the  amphi- 
bole  band  nearest  the  oli\'ine,  but  are  not  present  in  the  band  nearest 
the  feldspar,  a  rclaticm  which  indicates  that  both  these  minerals  have 
been  involved  in  the  replacement.  The  layer  nearest  the  olivine 
b  usually  nearly  colorless  while  that  nearest  the  feldspar  usually 
shows  a  pale-greenish  tint.  Usually,  though  not  invariably,  the 
rim  next  the  olivine  is  narrower  than  that  bordering  the  feldspar. 
Between  feldspar  and  pyrrhotite  only  a  single  reaction  rim  is  developed ; 
it  frequently  is  pale  brown  in  color  especially  near  the  pyrrhotite. 

The  general  appearance  of  the  reaction  rims  is  shown  in  Fig.  3. 
In  the  more  altered  porticms  of  the  rock,  the  reaction  zones  become 
somewhat  broader  and  in  some  cases  lose  their  fibrous  character 
probably  as  a  result  of  recrystallization.  Secondary  hornblende  of 
this  type  in  some  places  grades  with  perfect  continuity  into  original 
hornblende.  Larger  crystals  of  hornblende  associated  with  chlorite 
and  angular  areas  of  pyrrhotite  in  certain  narrow  zones  traversing 
the  rock  are  probably  of  secondary  origin.  The  hornblende  of 
the  reaction  rims  occasionally  grades  into  hornblende  of  this  type. 

In  seeking  to  determine  what  original  minerals  were  the  source, 
partial  or  complete,  of  the  hornblende  of  the  reaction  rims,  it  is  evident 
that  the  best  results  are  likely  to  be  obtained  from  a  study  of  the 
freshest  portions  of  the  rock,  where  the  alterations  are  in  their  initial 
stages.  In  these  parts  of  the  rock  hornblende  is  uniformly  absent 
between  the  olivine  and  the  p3nThotite,  serpentine  being  the  secondary 
mineral  developed  along  these  contacts.  Between  the  feldspar  and 
olivine  and  between  feldspar  and  pjrrrhotite,  however,  a  reaction  rim 
of  hornblende  is  always  present.  The  darker  color  exhibited  by 
the  hornblende  formed  along  the  feldspar-pjrrrhotite  contact  presum- 
ably indicates  that  the  mineral  here  is  richer  in  iron  and  proportion- 
ately poorer  in  magnesia  than  that  developed  next  to  the  olivine.  These 
relations  clearly  indicate  that  the  hornblende  is  developed  as  a  result 
of  chemical  interchange  between  plagioclase  and  the  femic  minerals, 
olivine  or  pyrrhotite. 

It  is  hardly  possible,  however,  to  regard  thfe  change  as  taking 
place  without  accession  of  material  from  outside  or  loss  to  other 
parts  of  the  rock.    This  follows  from  a  consideration  of  the  chemical 
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composition  of  the  original  minerals  involved.  The  feldspar  of  the 
rock,  andesine-labradorite,  has  the  composition  Na,0  •  2CaO  • 
jAljOj  •  loSiO,  and  the  olivine  2(MgFe)0  •  SiO,.  In  the  former 
the  molecular  proportion  of  soda  to  lime  is  as  i :  2.  In  any  reaction 
in  which  andesine-labradorite  and  olivine  were  involved  without 
outside  gain  or  loss,  the  resulting  product  should  show  a  similar  pro- 
portion between  Na,0  and  CaO.  As  shown  by  the  microscopic 
studies,  the  resulting  mineral  is  hornblende,  but  an  examination  of 
the  available  hornblende  analyses  shows  that  in  nearly  every  case 
the  soda  is  greatly  subordinate  to  the  lime,  the  molecular  proportions 
ranging  from  soda  i  and  lime  12  to  soda  i  and  lime  3,  but  in  no  case 
approaching  the  proportion  of  1:2.  The  reaction  probably  involved, 
therefore,  either  a  loss  of  soda,  or  a  notable  addition  of  lime,  or  both. 
In  the  more  altered  portions  of  the  rock  the  hornblende,  as  already 
stated,  occurs  in  larger,  massive  crystals  which  occur  not  alone  between 
feldspar  and  the  femic  minerals  but  in  contact  with  other  constituents. 
In  some  places  areas  originally  occupied  by  plagioclase  now  show 
only  a  few  feldspar  remnants  entirely  surrounded  by  hornblende. 
Alterations  of  the  type  just  described  are  probably  of  somewhat 
common  occurrence  among  peridotites  though  readily  traceable 
only  in  rocks  which  show  the  initial  stages  of  alteration.  Few 
instances  arc  described  in  the  literature.  Van  Hise'  makes  the  follow- 
ing statement  in  regard  to  a  reaction  between  olivine  and  anorthite : 

In  some  instances  the  alteration  into  actinolite  is  described  as  taking  place 
in  connection  with  feldspar  as  a  reaction  rim.  In  this  case  the  calcium  may  be 
supposed  to  be  derived  from  anorthite,  as  calciiun  silicate.  The  aluminum  may 
be  supposed  to  pass  into  common  spinel  and  hercynite  (isometric;  sp.gr.  3.93)^ 
which  are  well  known  to  be  alteration  products  of  olivine.  The  reaction  may  be 
4Mg,FeSi«08 + 4Ca  Al,Si,08  -  MgpFe3Ca4Si,6048  +  3MgAl,04  +  FeAla04 . 

Olivine  Anorthite  Actinolite  Common       Hercynite 

spinel 

Tomebohm  in  a  description  of  some  of  the  diabases  and  gabbros 
of  Sweden  describes  an  alteration  to  hornblende  almost  identical 
with  that  observed  in  the  Maine  rock. 

The  alteration  of  the  olivine,  as  usually  exhibited  in  the  rocks  under  discussion, 
proceeds  exclusively  from  the  borders  of  the  grains.    There  forms  next  to  it  a 

»  C.  R.  Van  Hise,  Treaiise  on  Meiamorphism,  Mon.  XLVII,  U.  S.  Geological 
Survey,  pp.  310,  311. 
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coloriess  zone  showing  a  iBdUl  structure,  and,  especially  where  the  olivine  is  in 
contact  with  plagiodase,  there  is  present  always  a  second  more  or  less  regular 
n>ne  with  similar  structure.  The  latter  is  made  up  of  an  aggregate  of  green,  rather 
highly  dichroic  grains,  all  of  which  are  hornblende.  It  seems  as  if  these  zones 
were  developed  in  consequence  of  a  reaction  between  the  plagiodase  and  the 
olivine,  the  inner  zone  being  fonned  at  the  cost  of  the  latter,  and  the  outer  zone 
at  the  cost  of  the  foimer.  The  reaction  zone  is  of  particularly  constant  occurrence 
between  oli\ine  and  plagiodase,  but  between  olivine  and  augite  it  is  absent  and 
if  augite  penetrates  in  wedge-like  foim  between  olivine  and  plagioclaae  then  the 
two  zones  separate,  the  green  remaining  between  the  augite  and  the  plagioclase 
and  the  lighter  zone  between  the  olivine  and  the  plagioclase,  thou^  both  soon 
wedge  out.  Neither  by  heating  nor  by  adds  were  the  zones  notably  affected.  In 
the  much  weathered  portions  of  the  rock  the  olivine  inside  the  bright  zone  is 
more  or  less  completely  altered  to  a  dirty-green  mass  of  serpentine."' 

THE  FOLLOWING  ANALYSIS  OF  THE  ROCK  IS  BY 
DR.  W.  F.  HILLEBRAND* 

SiO, 28 .  04  TiO, 20 

AI.O3 3.51  P.O5 04 

Fe,0,  I  .  MnO 24 

FcO     [ '^-^^  SrO trace? 

MgO 21.97  CO, 1. 01 

CaO 1.78  FC7S8 21.53^ 

Na,0 28  NiS 94* 

K,0 08  CoS 035 

H,04- 2.54  CuFeS, 1^ 

HaO - 1 .48  Total 99.65 

Chlorite  and  calcite. — These   minerals  occur  only   in   the   more 

weathered  portions  of  the  rock  in  association  with  massive  secondary 

hornblende  and  recrystallized  ( ?)  pyrrhotite.    The  chlorite  belongs  to 

the  chlinocore  variety  and  is  mostly  light  green  in  color  though  a 

«  A.  E.  Tdrnebohm,  "Uebcr  die  wichtigerenDiabasund  Gabbro-Gcsteine  Schwe- 
dens,"  Neues  Jahrbuch  fiir  Mitteralogie,  1877,  pp.  382,  383.    Translation  by  E.  S.  B. 
a  Laboratory  of  U.  S.  Geological  Survey. 
One  hundred  grams  of  pjirhotite  were  tested  for  platinum,  but  none  was  found. 

3  The  iron  was  calculated  as  FeO.  Some  is  present  as  FC3O4,  which  would  raise 
the  summation.  The  figure  for  the  oxides  of  iron  is  only  approximate  because  of  the 
impossibility  of  calculating  the  amount  of  pyrite  or  the  ejcact  composition  of  the  other 
sulphides. 

4  Includes  some  pyrilc. 

s  Occurs  combined  with  or  closely  associated  with  p3mrhotite. 

The  olivine  grains  contain  so  much  magnetite  in  the  form  of  inclusions  that  they 
adhere  strongly  to  a  magnet.  From  microscopic  examination  it  was  estimated  that 
the  magnetite  formed  about  17  per  cent,  by  weight  of  the  olivine  or  approximately  10 
per  cent,  by  weight  of  the  whole  rock.  The  iron  belonging  to  the  14.95  P^  ^^^^-  ^ 
F^Oin  the  analysis  (11.63  per  cent,  of  Fe)  was  redistributed  on  the  basis  of  10  per 

of  Fe304,  the  total  of  the  rock  constituents  thus  being  raised  to  zoo. 34  per  cent. 
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few  of  the  larger  and  more  massive  grains  are  a  deep  grass  green. 
The  interference  colors  between  crossed  nicok  vary  from  greenish 
yettow  and  dark  gray  in  the  light-green  portions  to  very  dark  gray 
in  the  deep  green.  The  mineral  is,  in  part  at  least,  the  product  of  horn- 
blende decomposition.  Calcite  occurs  in  small,  irregular  crystals 
and  in  aggregates  of  minute  grains  associated  with  chlorite,  and 
also  as  a  few  larger  grains  associated  mainly  with  secondary  hornblende. 

^\  \  \  CALCULATION  OF  THE  NORM|FROM  THE  ANALYSIS 
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<^  S-^8-<*  -V.perfcmwe. 

SubcUss. ?21'.53:iS.<  j>|  dofemooc 

A        23.53 

Order _- -5ii^«<  j>|  - 2,  dopolic,  Mainare. 

31       10.00 

Section. -- — '■ — -<|>|  —  3,  pyrolic,  Mainiare. 

„  (MgFc)0  +  CaO     29.63     ^_ 

^"«  K,Q^ya.O    ■^■>I-'.Pe"°irfac- 

e    ..  (MgFc)O     27.85     ^. 

Subrang v  n  "  — M  " "^ '  -^^  "^'  domagnesic,  Lennondose 

Since  the  rock  shows  a  slight  amount  of  alteration  the  norm 
computed  above  can  be  regarded  only  as  approximating  that  of  the 
fresh  rock.  The  rock,  however,  falls  well  within  the  limits  of  each 
of  the  divisions  in  the  abo\'e  classification,  and  it  is  not  probable 
that  the  weathering  has  produced  changes  suflBcient  to  change  its 
position  in  the  quantitati>'e  classification. 

The  name  Lermondose  which  is  here  proposed  for  the  rock  is 
derived  from  Lermond  Pond,  situated  about  one  mile  northeast  of  its 
type  exposure.  The  ordinal  name  Mainare  is  a  reference  to  the 
state  of  Maine,  in  which  the  rock  occurs. 

Bearing  on  the  origin  of  certain  sulphide  ores. — Chalcopyrite  is 
present  in  such  small  amounts  and  the  percentages  of  nickel  and 
cobalt  associated  with  the  p\Trhotite  are  so  small  that  the  rock  has 
no  present  economic  value  as  an  ore.  The  sulphides  are  also  asso- 
ciated in  such  an  intimate  way  with  the  other  rock  minerals  as  to 
make  their  complete  separation  difficult.  The  rock,  nevertheless, 
exhibits  an  unusual  concentration  of  metallic  sulphides  common  in 
many  ore  deposits,  and  from  a  theoretical  standpoint  at  least  may  be 
regarded  as  an  example  of  ore  formed  by  original  crystallization  from 
the  molten  magma.  It  seems  but  a  short  step  from  a  rock  of  this 
type  to  one  in  which  chalcopyrite  is  present  in  sufficient  amounts 
or  in  which  the  percentage  of  nickel  or  cobalt  in  the  pyrrhotite  is 
large  enough  to  give  the  ore  commercial  value.  The  existence  of 
immercial  deposits  of  sulphide  ores  of  such  purely  igneous  origin 

ly  so  far  as  known  to  the  writer,  never  been  satisfactorily  demon- 
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strated,  but  the  possibility  of  their  existence  can  hardly  be  ques- 
tioned in  view  of  the  known  occurrence  of  igneous  rocks  as  rich  in 
sulphides  as  the  one  here  described.  That  this  rock  is  itself  a  dif- 
ferentiation from  a  less  basic  magma  is  shown  by  the  occurrence 
about  one -quarter  mile  northeast  of  the  Millers  farm  of  a  much  less 
basic  rock  belonging  apparently  to  the  same  intrusion  but  contain- 
ing relatively  small  amoimts  of  pyrrhotite.  The  original  characters 
of  this  rock  are  obscured  by  intense  weathering,  which  has  reduced 
the  rock  to  an  irregular  aggregate  of  pale-green  chlorite,  pale-green 
or  brown  amphibole,  much  of  it  fibrous,  and  calcite. 

Sulphide-bearing  rocks  of  the  t)rpe  here  described  are,  however, 
even  more  suggestive  in  their  bearing  on  workable  ore  deposits  when 
we  take  into  account  the  possibilities  of  local  sulphide  enrichment  by 
aqueous  or  pneumatolytic  action.  There  is  no  evidence  of  such 
enrichment  at  the  locality  near  East  Union,  nor  do  the  rocks  of  the 
surroimding  region  contain  ore  veins  of  any  kind.  It  is  evident, 
however,  that  such  processes  acting  upon  a  rock  of  this  type  would 
be  fully  capable  of  producing  ore  deposists  of  a  commercial  character. 

Adams,*  Coleman,'  and  Barlow^  of  the  Canadian  Geological 
Survey  have  all  attributed  the  primary  concentration  in  the  copper, 
nickel,  and  cobalt  ores  of  the  Sudbury  district  of  Ontario  to  mag- 
matic  differentiation  in  a  magma  which  normally  crystallized  as  a 
norite  or  gabbro,  while  admitting  the  importance  in  this  region  of 
secondary  concentration  by  aqueous  agencies.  Vogt  has  expressed 
similar  views  of  the  genesis  of  the  sulphide  ores  of  the  Scandinavian 
nickel  deposits.  On  the  other  hand  Posepny*  has  aflSrmed  that  the 
original  crystallization  of  pyrrhotite  in  any  notable  quantities  is  a 
chemical  impossibility,  and  the  views  of  Adams,  Coleman,  and  Barlow 
have  been  challenged  by  a  number  of  writers  partly  on  theoretical 
and  partly  on  observational  groimds. 

While  affirming  nothing  in  regard  to  the  origin  of  the  ore  deposits 

s  F.  D.  Adams,  Canadian  Mining  Bureau,  January,  1894,  p.  8. 
« A.  P.  Coleman,  Bureau  of  Mines  Report,  Ontario,  1905,  Part  III,  and  this 
Journal,  Vol.  XV,  pp.  759-82,  1907. 

3  A.  E.  Barlow,  Summary  Report  of  the  Director  of  the  Geological  Survey  of  Canada, 
X901. 

4  "The  Genesis  of  Ore  Deposits,"  Transactions  of  American  Institute  of  Mining 
Engineers,  1893. 
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The  studies  of  Broili,  and  especially  of  Case,  have  furnished  much 
welcome  information  ccHiceming  the  Permian  reptiles  of  America 
within  recent  years.  But  oiu"  knowledge  of  many  of  them  is  yet 
meager,  and  much  obscurity  yet  prevails  as  to  their  rank  and  affinities, 
and  especially  as  to  their  relationships  with  the  known  European  and 
African  types.  The  ordinal  name  Cotylosauria  has,  within  the  past 
few  years,  come  into  rather  general  use  for  many  of  the  early  stegocro- 
taphous  reptiles  to  the  exclusion  of  other  terms  which  had  previously 
been  applied  to  them.  A  brief  historical  review  of  the  origin  and  use 
of  the  term  will  be  of  interest. 

Cope  early  introduced  and  made  use  of  the  term  Theromorpha, 
afterward  changed  to  Theromera,  to  include  many  of  the  older 
reptiles  now  recognized  as  quite  diverse,  and  which  he  later  so  recog- 
nized, abandoning  it.  In  1880*  he  proposed  the  subordinal  term 
Cotylosauria  for  a  division  of  this  group,  foimded  exclusively  on  the 
Diadectidae  of  Texas,  and  based  upon  a  real  or  apparent  dicondylar 
structure  of  the  skull.  Later,'  he  expressed  doubt  of  its  vaUdity 
as  follows : 

I  am  still  inclined  to  question  whether  the  extraordinary  characters  of  the 
cranio-vertebral  articulation  I  have  described  justify  the  separation  of  the  Diadec- 
tidae as  a  third  suborder  of  the  Theromorpha,  which  I  have  called  the  Cotylo- 
sauria, or  whether  they  are  not  due  to  the  hea  of  a  loosely  articulated  basioccipital 
bone. 

The  two  other  suborders  of  his  Theromorpha  to  which  he  refers 
were  the  Pelycosauria  and  Anomodontia — this  latter  of  course  in  its 
wide  sense.  In  1889^  he  included  in  his  order  Theromera  the  follow- 
ing six  suborders :  Placodontia,  Proganosauria,  Parasuchia,  Anomo- 
dontia, Pelycosauria  and  Cotylosauria.     His  Pelycosauria  included 

<  American  Naturalist,  p.  334. 

•  Proceedings  of  the  American  Philosophical  Society ^  1882,  p.  448. 

3  American  Naturalist,  p.  886. 
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the  families  Ckpsydropidae,  Pariotichidae  and  Bolosauridae;  his 
Cotylosauria,  the  Diadectidae  and  Pareiasauridae ;  the  Proganosauria, 
the  Mesosaiiridae,  Procolophonidae,  Paleohateriidae,  Proterosaiiridae, 
and  Rhynchosanridae  (equivalent,  it  is  seen,  plus  the  Rhynchocephalia 
and  Choristodera,  to  Osbom's  Diaptosauria).  In  1891,'  Cope  defined 
the  Cotylosauria,  now  for  the  first  time  considered  an  order,  as 
including  four  families,  the  Diadectidae,  Pareiasauridae,  Parioti- 
chidae, and  Elginiidae.  In  the  later  publication  he  erected  the 
order  Chelydosauna  for  the  Otocoelidae  proposed  a  few  years  before 
for  certain  new  reptiles  from  Texas,  defining  it  as  having  the  scapular 
arch  internal  to  the  ribs,  a  dermal  carapace,  and  the  temporal  roof 
excavated  posteriorly  for  the  auricular  meatus.  Until  this  time 
Pariotkhus  had  been  included  among  the  Pelycosauria.  In  1896,* 
however,  he  referred  one  species  described  as  Parioiichus,  P.  hamaius, 
to  a  distinct  genus,  LabidosauruSy  which  he  provisionally  placed 
among  the  Pareiasauridae. 

In  a  few  words,  it  is  seen  that  Cope  based  the  suborder  Cotylo- 
sauria upon  the  Diadectidae,  and  not  imtil  his  later  papers  did  he 
unite  any  other  American  forms  with  it  in  the  same  group.  In  1905,^ 
Case  brought  evidence  to  show  that  the  essential  characters  assigned 
to  the  Chelydosauria  were  also  common  to  Diadecies  and  its  allies, 
and  he  has  withdrawn  the  family  from  the  Cotylosauria  to  include 
it,  with  the  Otocoelidae,  in  the  Chelydosauria,  leaving  Pariotichus  and 
certain  other  less  well-known  forms  as  the  sole  American  representa- 
tives of  the  Cotylosauria.  But  this  contravenes  the  basal  rules  of 
nomenclature.  The  group  originally  was  based  exclusively  upon  the 
Diadectidae,  and,  while  we  may  add  as  many  other  families  as  we 
choose,  we  may  not  substract  the  one  upon  which  it  was  alone 
based.  The  name  Cotylosauria,  of  which  Chelydosauria  is  purely 
a  synonym,  must  accompany  the  Diadectidae  wherever  the  family 
is  placed. 

With  the  elimination  of  Chelydosauria  we  have  three  ordinal 
terms  which  have  been  proposed  for  the  primitive  stegocrotaphous 
reptiles:    Cotylosauria  Cope  (suborder,  1880,  order  1891);    Pareia- 

<  Amer.  Naiuralist,  p.  644;  Syllabus  of  Lectures  on  the  Vertebrates,  p.  68. 
•  Proceedings  of  the  American  Philosophical  Society,  p.  136. 
3  Journal  of  Geology,  No.  2,  1905,  p.  126. 
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sauna   Secley    (1892);^    and   Procolophonia  Seeley   (1889). ■    The 
questicHi  of  immediate  interest  is,  in  which  of  these  two  latter  groups? 
if  either,  can  Pariotichus  and  the  other  forms  eliminated  by  Case 
from  the  Cotylosanria  be  placed.    Its  interest  has  led  me  to  re-examine 
in  the  light  of  the  recently  accumulated  facts  concerning  the  older 
reptiles,  the  excellent  specimen  in  the  Chicago  University  collections 
described  by  Case  some  years  ago^  as  Pariotichus  incisivus  Cope. 
For  the  general  descrip- 
tion of  the  specimen  the 
reader  is  referred  to  the 
cited  paper.     By  further 
preparation  of  the  speci- 
men I  am  able  to  make 
some    additions    of    in- 
terest. 

My  determination  of 
the  upper  elements  of  the 
skull  (Fig.  i)  made  inde- 
pendently, agrees  well 
with  Case's.  On  the  un- 
der surface,  however 
(Fig.  2),  I  am  quite  un- 
able to  differentiate  the 
pterygoids,  palatines,  and 
vomers  anteriorly,  they 
are  so  closely  fused  to- 
gether. I  do  not  feel  at 
all  sure  about  the  dis- 
tinction of  the  parocci- 
pital  as  a  separate  element 
not  sure. 

Eighteen  presacral  vertebrae  were  collected  by  Professor  Case 
with  the  specimen,  and  he  was  inclined  to  the  belief  that  this  was  the 
full  number.     Four  of  these,  without  rib  attachments,  are  connected 

X  Philosophical  Transaaions,  1892,  p.  xo6. 

•  Ibid.,  1889,  p.  370. 

3  ZoiOogical  Bulletin,  Vol.  II,  1899,  p.  231 


Fig.  I. — Skull  of  Labidosaurus  incisivus y  upper 
surface;  one-half  natural  size.  Pm,  premaxilla;  N, 
nasal;  if,  maxilla;  L,  lachrymal;  F,  frontal;  Pjr, 
prefrontal;  Pfr,  postfrontal;  Po,  postorbital;  /, 
jugal;  Pf,  parietal  foramen;  P,  parietal;  Sq, 
squamosal;  Psq,  prosquamosal;  Qjt  quadratojugal. 

The  epiotics  may  be  present,  but  I  am 
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yet  with  the  sacrum  and  pelvis.    Six  are  united  in  a  series  lying  over 
the  pectoral  girdle,  with  ribs  or  portions  of  ribs  attached.    In  addition, 

there  are  two  united 
pairs,  and  two  single  ver- 
tebrae. Between  the  two 
series  there  are  quite  evi- 
dently several  missing, 
since  the  diapophyses 
end  abruptly  with  the 
pectoral  series.  From 
the  size  and  shape  it 
seems  apparent  that  the 
two  pairs  belong  here, 
making  at  least  fourteen 
dorsals.  Both  of  the 
single  vertebrae  have 
small  rib  diapophyses; 
they  are  also  smaller  in 
size.  I  have  placed  them 
in  the  neck  in  the  res- 
toration (Fig.  6).  How- 
ever, Labidosaurus  hch 
maius  has,  according  to  Broili,*  at  least  twenty-two  presacral  verte- 
brae ;  and  Telerpeion,  according  to  Boulenger,*  twenty.  It  is  probable, 
hence,  that  two  or  more  vertebrae  have  been  lost  in  the  present 
specimen  from  in 
front  of  the  sacrum. 
The  neck  could  not 
have  been  longer 
than  is  represented 
in  the   restoration, 

perhaps  not  so  long  ^^^-  3- — Mandible  and  maxillary  teeth  of  Lahidosaurus 

since  SO  broad  and   *««*^^'«.  one-half  natural  size. 

ungainly  a  head  would  have  been  sadly  unmanageable  on  a  slender 
neck.    At  least  four  presacral  vertebrae  bore  no  ribs,  but  I  believe 

>  PaUontographica,  1904. 

>  Proceedings  of  the  Zoological  Society,  London,  1904,  p.  474. 


Fig.  2. — Labidosaurus  incisivus,  under  surface 
of  skull;  one-half  natural  size.  Pt,  pter3rgoid;  Bs, 
basisphenoid. 
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that  all  the  others,  save  perhaps  the  atlas,  had  such  bones.  Three 
caudal  vertebrae  are  preserved  together,  in  addition  to  two  con- 
nected with  the  sacrum.  They  evidently  bore  ribs  and  indicate 
a  short  tail. 

The  pectoral  girdle  I  am  able  to  restore  completely  with  assurance. 
The  sutures  between  the  scapula  and  the  coracoid  elements  I  find 
to  be  as  represented  in  the  drawing,  with  the  exception  of  that  between 
the  scapula  and  the  procoracoid  anteriorly,  of  which  I  am  in  doubt, 
because  of  the  absence  of  that  part  of  the  arch  on  the  left  side  with 


Fig.  4. — ^Pectoral  girdle  of  Labidosaurus  incisvuus;  one-half  natural  size.  /, 
interdavicle;  C/,  clavicle;  Sc,  scapula;  C,  coracoid;  Pc,  procoracoid;  F,  coracoid 
foramen. 

its  corroboratory  evidence.  There  is  a  small  but  distinct,  coracoid 
foramen  between  the  procoracoid  and  the  scapula.  There  is,  as 
Case  has  said,  no  evidence  of  a  cleithrum,  nor  is  there  any  place  where 
(me  could  have  been  attached.  The  scapular  surface  of  the  distal 
extremity  of  the  clavicle,  of  which  the  tip  only  is  wanting,  is  striated, 
and  the  scapula  presents  a  similar  surface  for  its  attachment  in  the 
position  shown  in  the  drawing.  The  diagrammatic  position  in  which 
it  is  necessary  to  figure  the  arch  distorts  somewhat  the  relations  of 
scapulae  and  clavicles.  The  distal  extremity  of  the  scapula  was 
evidently  turned  dorsad  at  nearly  a  right  angle  with  the  plane  of  the 
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coracoid  surface.  The  proximal  end  of  the  right  humerus  lies  per- 
fectly in  position  in  the  glenoid  fossa.  The  distal  extremity  of  the 
bone,  twisted  in  a  plane  nearly  at  right  angles  with  that  of  the  proxi- 
mal, presents  not  the  slightest  indication  of  an  entepiomdylar  foramen, 
and  the  bone  is  not  at  all  mutilated.  The  absence  of  this  foramen  is, 
however,  extraordinary,  since  very  nearly  all  the  known  reptilian 
vertebrates  of  the  Permian  have  it,  though  not  all,  according  to  Cope. 
The  thinned  margin  of  the  proximal  expansion  has  been  lost  in  the 
specimen.    There  is  the  possibility,  a  remote  one  I  believe  in  view 

of  the  fact  that  the  relations  of 
the  various  bones  of  the  skeleton 
had  suffered  little  disturbance, 
that  the  humerus  had  been  com- 
pletely and  perfectly  reversed  in 
the  glenoid  socket,  and  some  in- 
dication of  this  reversion  is  fur- 
nished in  that  the  so-called  distal 
end  agrees  fairly  well  with  the 
proximal  end  of  some  forms. 

In  the  structure  of  the  feet  I 
have  no  emendations  to  make  of 
Professor  Case's  interpretations, 
save  of  the  centrale  of  the  pes. 
This  bone  I  find,  on  removal  of 
the  bone  lying  over  it,  to  be  pretty 
well  fused  with  the  tibiale,  the 
union  shown,  however,  clearly  in  a 
suturalline.  Broom  has  expressed 
a  doubt  of  the  structure  of  the 
feet  in  this  specimen.  There  can  be  none.  The  number  and 
arrangement  of  the  bones  of  the  carpus  are  assuredly  as  Case  has 
figured  them.  As  to  the  number  of  the  phalanges  in  the  digits  I 
believe  that  they  will  be  f oimd  to  be  as  in  Procolophon  and  Tderpeton, 
2>  3,  4,  5,  3,  or  4.  The  pelvic  girdle  in  this  specimen  is  typically 
that  of  the  old  reptiles,  elongated,  flat,  plate-like  pubes  and  ischia, 
closely  united  by  suture  and  wholly  without  a  thyroid  foramen.  It 
is  the  pelvis  of  Procolophon,  Telerpeton,  PaleohaUeria^  etc. 


%% 


Fig.  5. — Hind  foot  of  Lahidosaurus 
incisivus;  natural  size.  T,  tibia;  F,  fibula; 
Tby  tibiale;  F6,  fibulare;  C,  centrale;  1-5, 
distal  tarsals;   I-V,  metatarsals. 
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Briefly  the  important  characters  of  this  specimen  may  be  summed 
up  as  follows : 

Skull  stegocrotaphous,  with  distinct  elements;  epiotic  probably 
present;  the  lachrymal  (postnasal  of  Jaekel)  entering  into  the  poste- 
rior border  of  the  external  nareal  opening.  Surface  of  skull  sculptured ; 
a  pineal  foramen  between  the  parietals;  orbital  and  nasal  openings 
not  large,  the  latter  situated  near  extremity  of  face.  Premaxillae 
with  three  teeth,  the  first  one  much  elongated,  the  second  less  so. 
Maxillae  with  about  sixteen  teeth,  inserted  in  a  single  row,  with  a 
pleurodont  elevation  internally,  and  not  very  different  in  size.  Mandib- 
ular teeth  in  a  single  row,  biting  within  the  upper  teeth,  about  seven- 
teen in  number,  the  front  ones  somewhat  elongated ;  teeth  thecodont, 
not  transverse.  Palate  with  small  teeth  in  two  or  more  rows  each, 
inserted  on  pterygoids  and  probably  palatines  and  vomers,  dependent 
upon  the  location  of  the  sutures.  Internal  nares  small,  situated 
far  forward.  A  cordiform  interpterygoidal  space.  Pterygoids  artic- 
ulating with  basipterygoid  processes,  their  dilated  posterior  processes 
united  with  quadrates. 

Vertebrae  deeply  biconcave,  with  persistent  intercentra.  Cora- 
coids  and  large  procoracoids  imited  by  suture  with  scapula;  a  su- 
pracoracoid  foramen  between  scapula  and  procoracoid.  Inter- 
davicle  with  an  elongate  posterior  process  and  dilated  anterior 
extremity;  clavicles  closely  attached  to  interclavicle  and  scapula; 
no  deithra.  Ribs  functionally  double-headed,  attached  to  inter- 
centra and  diapophyses.  Two  sacral  vertebrae.  Pubes  and  ischia 
expanded,  plate-like,  without  thyroid  foramen.  Caudal  vertebrae 
with  ribs.  Carpus  with  three  bones  in  the  proximal  row  and  four  in 
the  distal,  and  with  two  centrales;  tarsus  with  two  in  proximal 
row,  five  in  the  distal  and  a  partially  fused  centrale,  possibly  two. 
Phalangeal  formula  probably  2-3-4-5-3,  4. 

As  to  the  identity  of  our  specimen  I  can  be  but  a  little  more  certain 
than  was  Case.  That  it  does  not  belong  in  the  genus  Pariolichus 
is  certain,  since  there  is  but  a  single  row  of  teeth  on  maxillae  and 
dentaries.  That  it  is  not  specifically  identical  with  Lahidosaurus 
hamatus  I  believe  is  equally  certain,  that  is  if  Broili  has  rightly  identi- 
fied that  species,  and  I  think  that  he  has.  It  presents  some  differences 
from  the  species  incisivuSy  as  described  by  Cope,  but  it  may  provision- 
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Fio.  6. — Restoration  of  LMdosaurus  incisivus;  a  little  less  than  one-third  natural 
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ally  be  placed  there,  and  in  the  genus  Labidosaurus  until  such  time 
as  Cope's  types  have  been  examined  and  compared.  The  specific  or 
even  generic  identity,  however,  matters  little  at  present.  The  more 
important  matter  is,  what  relation  does  the  form  have  to  Procolophon 
and  Telerpelon  especially. 

Boulenger  has  shown,  forcefully  I  think,  the  relationship  between 
Procolophon  and  Telerpelon,^  about  the  only  diflFerences  which  he 
found  being  the  absence  of  ventral  ribs  in  Telerpelon.  Seeley*  and 
Broom^  have,  more  recently,  added  to  this  the  newly  dbcovered 
characters  of  the  acrodont  and  transverse  teeth,*  and  it  is  on  the 
strength  of  these  diflFerences,  in  face  of  the  resemblances,  that  Broom 
would  associate  Procolophon  with  the  Rhynchocephalia,  el  al,,  in  the 
superorder  Diaptosauria  and  in  the  phylum  Diapsida,  arguing  that, 
in  aay  phylogenic  classification  the  separation  of  the  phyla  should  be 
carried  back  to  the  very  beginning,  even  though  the  earliest  forms  may 
differ  vastly  more  from  the  later  ones  than  they  do  from  those  immedi- 
ately preceding  them.  It  is  true  that,  so  far,  no  reptile  with  a  roofed 
o\'er  skull,  save  Procolophon  (and  of  course  the  Chelonia)  has  been 
found  to  possess  abdominal  ribs,  so  commonly  present  among  the 
saurocrotaphous  reptiles.  Indeed,  of  the  single-arched  reptiles  only 
the  Sauropterygia  and  Ichthyosauria  have  such  ribs,  and,  carrying 
the  argument  to  its  extreme,  Broom  would  unite  both  of  these  with 
the  subclass  Diapsida  of  Osbom,  quite  vitiating  the  original  meaning 
of  the  term  and  requiring  a  new  name  for  the  modified  phylum.  But 
it  is  a  more  diflScult  thing  to  treat  the  Chelonia  in  the  same  way.  No 
one  has  yet  had  the  temerity  to  transfer  the  Chelonia  to  the  Diapsida 
and  we  are  forced  to  the  inevitable  conclusion  that  both  of  these 
reputed  subclasses,  the  Diapsida  and  Synapsida,  had  abdominal 
ribs.  And  indeed  such  a  conclusion  is  beyond  dispute;  certainly 
the  oldest  reptiles  must  have  had  ventral  ribs  and  they  must  have 
been  essentially  Cotylosaurian  in  structure,  for  these  reptiles,  espe- 

I  Proceedings  of  the  Zodlogical  Societyt  London,  1904,  p.  476. 

*  Ilnd.,  London,  1905. 

3/Wrf.,  1905. 

4  It  is  of  interest  to  observe  that  the  genera  Phanerosaurus  and  SUphano  spondylus 
according  to  Stappenbeck,  have  acrodont  teeth  placed  transversely,  and  surely  they 
are  not  also  related  to  the  Rhynchocephalia  (ZeUschri}t  d.  detUsch.  Geolog.  GeseU- 
schalt,  1905,  p.  379). 
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daily  such  iorms  d&  Seymouria  Broili'  are  about  as  close  to  the  temno- 
spondylous  amphibians,  save  in  the  palatal  structure,  as  it  would  be 
possible  to  have  them  and  still  call  them  reptiles;  unless,  indeed, 
we  accept  Boulenger's  rather  improbable  views  and  derive  the 
double-arched  forms  from  the  Microsauria  and  the  stegocrotaphous 
and  single  arched  from  the  Temnospondyli.  And  here  too,  the 
Chclonia  upset  our  best-laid  schemes.  Not  all  dinosaurs  possess 
such  ribs,  and  I  do  not  think  that  their  loss,  without  other  important 
differences  is  of  great  moment.  And  by  no  means  is  it  yet  sure  that 
the  Cotylosauria,  and  the  aclcithral  forms  were  without  them.  Indeed 
I  believe  that  we  shall  find  some  of  them  with  such  ribs  eventually. 

Our  ^^ Labidosaurus  incisivus^'  differs  from  Tderpetan  chiefly 
in  the  sculptured  skull,  a  character  which  that  genus  shares  with 
Procolophon  and  Sclerosaurus,'  and  from  Procolophon  in  that  and 
the  character  of  the  teeth,  and  in  practically  nothing  else.  If 
Procolophon  be  admitted  to  a  distinct  order,  superorder,  and  subclass 
from  Telerpeton,  what  shall  we  do  with  TeUrpeton^  Pariotkhus, 
Labidosaurus,  Elginia^  Sclerosaurus,  etc.  ?  They  all  lack  the  cleith- 
rum;  they  are,  for  the  most  part  at  least,  small,  crawling  reptiles 
and  can  hardly  be  united  with  Pareiasaurus  nor  with  Diadecies  and 
Otocoelus.    Shall  we  erect  a  new  order  for  them? 

The  resemblances  between  the  pectoral  and  pelvic  girdles  of 
Dimetrodon  and  our  present  specimen  are  evident  at  a  glance.  But, 
the  Pelycosauria,  notwithstanding  the  two  temporal  vacuities  of  the 
skull,  and  its  supposed  membership  in  the  Diaptosauria,  have  well 
developed  cleithra,  and  that  character  must  be  added  to  the  Diapto- 
sauria as  well  as  to  the  Cotylosauria  and  Pareiasauria ! 

I  may  add,  by  way  of  postscript,  that,  in  a  recent  review  of  the 
literature  of  the  reptilia,  I  find  all  of  the  older  groups  usually  called 
orders  have  been  raised  in  recent  years  by  well-known  writers  to  super- 
ordinal  or  subclass  rank,  save  the  Ichthyosauria  and  Chelonia,  the 
two  groups  of  all  others  most  entitled  to  high  rank!  And  most  of 
the  suborders  have  been  elevated  to  orders — ^thirty  or  more.  And 
what  has  been  gained  ? 

« PaleofUographicay  1904. 
. «  Von  Hucne,  Geologiscite  pal.  AbhandlungeUf  X,  1902,  p.  39. 
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INTRODUCTION 

When  geologists  slowly  became  convinced  of  the  reality  of  the 
Pleistocene  glacial  period  it  was  held  to  be  a  unique  catastrophe 
belonging  to  the  later  history  of  a  cooling  world,  something  without 
prece<lent  in  earlier  geological  epochs.  Then,  reluctantly  and  with 
astonishment,  a  Permo-Carboniferous  glacial  period,  even  more  tre- 
mendous than  that  of  the  Pleistocene,  was  admitted  as  proved.  Later 
still,  an  extensive  ice  age  in  early  Cambrian  or  late  pre-Cambrian 
times  has  been  demonstrated,  carrying  back  continental  glaciers  to 
the  beginning  of  known  life  in  the  world. 

For  a  number  of  years  it  has  been  my  belief  that  a  still  earlier  glacial 
period  was  the  cause  of  the  widespread  basal  conglomerate  of  the 
Lower  Huronian;  and  last  year,  when  a  few  scratched  stones  were 
obtained  from  this  conglomerate  at  the  silver-mining  region  of  Cobalt, 
it  seemed  worth  while  to  show  that  a  Lower  Huronian  ice  age  was 
highly  probable.' 

During  the  past  summer  fresh  material  has  been  collected  in  the 
Cobalt  region,  includiag  some  well-preserved  "soled"  bowlders  with 
ice-smoothed  surfaces  and  well-marked  striae,  removing  all  doubt  of 
the  glacial  origin  of  the  conglomerate ;  and  it  is  proposed  to  present 
here  the  evidence  for  this  most  ancient  of  known  ice  ages. 

THE  STONES  OF  THE  BOWLDER  CLAY 

It  requires  patience  to  separate  the  pebbles  and  bowlders  from  the 
hard  matrix  of  the  conglomerate,  or  tillite,  to  use  Penck's  term,  and 
no  very  large  number  have  been  extracted,  but  most  of  them  have  the 
characteristic  subangular  forms  of  glaciated  stones.  As  illustrations, 
two  photographs  are  reproduced,  the  largest  stone  represented  being 
about  eight  inches  across,  and  having  good  striae  on  both  sides  and 
in  more  than  one  direction,  one  set  crossing  another.     If  the  speci- 
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mens  collected  were  mixed  with  Pleistocene  bowlder  clay  they  could 
hardly  be  distinguished  from  the  other  stones  in  the  clay  imlcss  per- 
haps by  lacking  the  polfeh  found  on  some  from  the  Pleistocene. 
When  it  is  remembered  that  the  Lower  Huronian  tillitc  has  under- 
gone moimtain-building  stresses  and  a  certain  amount  of  metamor- 
phism,  it  is  astonishing  to  find  the  strLations  so  perfectly  perserved, 


Fig.  I. — Lower  Huronian  "soled"  bowlder  with  striatlons  in  aereral  directions. 

especially  in  the  absence  of  limestone  and  slate  pebbles,  which  afford 
the  best  marked  glaciated  stones  of  the  Pleistocene.  In  the  Lower 
Huronian  tillite,  felsites  and  fine-grained  greenstones  show  the  striae 
best.    The  illustrations  given  are  of  greenstones. 

The  types  of  rock  observed  are  granite,  gneiss,  massive  greenstone, 
green  schist,  felsite,  and  banded  chert  or  jasper  of  the  iron  formation; 
all  found  in  place  in  the  underlying  Keewatin  and  I^urentian,  the 
only  older  formations  existing  in  the  localities.  The  granites  are  of 
at  least  three  kinds,  and  include  most  of  the  larger  bowlders,  one 
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which  was  measured  reaching  diameters  of  5X3X3  feet;  but  the 
largpst  bowlder  seen,  near  Temagami  station,  was  of  greenstone  show- 
lag  pillow  structure,  having  diameters  of  8  X  5  ft.  as  exposed  on  an 
ice-smoothed  surface.  Many  of  these  bowlders  are  several  tons  in 
wei^t  and  some  of  the  granites  are  miles  away  from  the  nearest 
known  source.  The  smaller  pebbles  of  felsite  often  show  exactly  the 
same  subangular  shapes  with  irregular  well-polished  surfaces  as  are 
found  on  pebbles  of  fine-grained  rock  in  later  bowlder  clays. 


FlG.  2. — Lower  Huronian  "soled"  bowlder. 

In  many  parts  of  the  tillite  the  stones  are  sparsely  distributed,  some- 
times several  feet  or  even  yards  apart,  and  the  red  granites  stand  out 
sharply  from  the  green-gray  ground-mass.  Such  parts  of  the  con- 
^omerate  present  exactly  the  characters  of  till  or  ground  moraine. 

THE  MATRIX  OF  THE  BOWLDER  CLAY 

The  matrix  of  the  tillite  is  generally  graywacke,  fine  grained,  but 
containing  small  angular  particles  of  quartz  and  feldspar.  It  shows 
no  stratification  as  a  rule,  though  the  rock  as  a  whole  may  have  a 
rude  banding,  pebbles  and  bowlders  being  more  numerous  in  some 
layers  than  in  others.  In  the  original  Huronian  region,  as  described 
by  Murray  and  Logan,  the  matrix  was  called  slate,  the  rock  being 
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referred  to  as  "slate  conglomerate,"  but  some  varieties  of  it  were 
described  as  like  quartzite  or  diorite  or  greenstone.  In  fact,  the  rock 
not  seldom  looks  so  massive  in  the  field  that  it  might  easily  be  taken 
for  a  fine-grained  basic  eruptive,  if  it  were  not  for  the  red  granite 
bowlders  scattered  here  and  there  through  it;  and  some  geologists 
have  thought  it  a  tuff  or  volcanic  breccia,  just  as  the  Dwyka  in  South 
Africa  was  at  first  explained. 

In  reality,  of  course,  till  consists  of  the  more  or  less  finely  ground 
materials  of  the  rocks  over  which  the  ice  sheet  passed.    If  it  traversed 


Fig.  3. — ^Thin  sections  of  matrix  of  bowlder  clays.  Dwyka  to  the  left,  Lower 
Huronian  to  the  right. 

granite,  the  clayey  substratum  would  be  mixed  with  grains  of  feldspar 
and  quartz;  if  it  passed  over  fine-grained  greenstones,  the  particles 
might  suggest  an  ash  rock;  if  the  two  materials  were  mixed,  as  must 
have  been  the  case  when  the  Lower  Huronian  glaciers  moved  over  a 
surface  of  Keewatin  penetrated  by  Laurentian  granite  and  gneiss,  the 
resulting  bowlder  clay  would  have  the  composition  which  we  actuaUy 
find. 

The  sections  from  near  Cobalt  show  a  small  amount  of  very  fine- 
grained turbid  material,  in  which  a  few  scales  of  chlorite  can  be  recog: 
nized,  crowded  with  angular  bits  of  quartz,  orthoclase  and  plagio- 
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dase  of  all  shapes  and  sizes,  and  with  some  larger  rock  fragments 
such  as  diabase  porphyrite  or  felsite  or  porphyritic  felsite.  A  section 
from  near  Thessalon,  north  of  Lake  Huron,  has  essentially  the  same 
composition^  but  the  minerals  have  been  a  little  more  rearranged. 

For  coniparison,  thin  sections  of  the  Dwyka  matrix  were  studied, 
and  were  foiind  to  be  surprisingly  like  those  mentioned  above;  the 
only  noticeable  difference  being  the  absence  of  chlorite  scales,  and  a 
somewhat  darker  and  less  translucent  ground-mass.  These  slight 
differences  are  no  doubt  due  to  the  fact  that  the  Dwyka  conglomerate, 
being  much  younger,  has  undergone  less  rearrangement.  In  the 
Qliistratioiis  the  great  resemblance  of  the  two  bowlder  clays  is  shown, 
thou(^  by  chance  a  rather  fine-grained  part  of  the  Cobalt  thin  section 
was  pfaolograplied. 

COMPASISON  WITH  LATER  GLACIAL  DEPOSITS 

Whik  much  of  the  Ix)wer  Huronian  conglomerate  has  the  char- 
acter of  tin,  there  are  also  phases  made  up  almost  wholly  of  coarse 
materials,  bowlders,  pebbles,  and  smaller  bits  of  rock,  with  very  little 
of  the  finer  matrix  representing  clay;  and  these  may  be  compared 
with  tenninal-moraine  stuff. 

On  the  other  hand,  the  tillite  sometimes  passes  into  stratified  slate 
with  only  here  and  there  a  bowlder  or  with  no  bowlders  at  all.  In  one 
case  a  bowlder  nearly  a  foot  thick  was  seen  with  the  stratification 
bending  round  it  as  though  it  had  been  dropped  into  mud  from 
floating  ice. 

Beside  the  distinctly  till-like  and  morainic  varieties  of  the  gray- 
wacke  conglomerate  there  are  sometimes  bands  of  crowded  pebbles 
somew^hat  assorted  as  to  size,  well  rounded,  and  no  doubt  water 
formed,  corresponding  to  the  kame  materials  of  Pleistocene  deposits. 
Where  stratified  conglomerate  beds  or  thinly  bedded  slates  lie  between 
sheets  of  unstratified  tillite,  we  may  safely  compare  them  with  the 
interglacial  beds  of  stratified  sand  and  gravel  between  layers  of  till 
found  at  Scarboro  Heights,  for  instance. 

The  knowTi  thickness  of  the  conglomerate  including  the  other 
phases  mentioned  is  about  500  feet  as  measured  by  Professor  Miller  at 
Cobalt,  which  may  be  compared  with  the  400  feet  of  drift  deposits  at 
Scarboro  near  Toronto. 
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From  the  outline  just  given  it  will  be  seen  that  every  feature  of  the 
Lower  Huronian  rocks  has  its  close  parallel  in  the  complex  of  bowlder 
clays  and  sediments  of  the  Pleistocene,  though  the  latter  arc,  of  course, 
loose  and  unconsolidated.  A  comparison  with  the  Dwyka  conglom- 
erate of  Permo-Carboniferous  times  is  more  convincing  still,  since 
the  Dwyka  is  now  solid  rock.  Hand  specimens  of  the  two  tillites 
might  easily  be  interchanged  by  one  not  familiar  with  them.  Speci- 
mens from  Matjesfontein  in  Cape  Colony  or  N'gotsche  Mountain  in 


Fig.  4. — Polished  pebbles  in  ancient  till.  Dwyka  to  left,  Lower  Huronian  to 
right. 

Natal  placed  beside  specimens  from  Cobalt  or  north  of  Lake  Huron 
present  the  same  fine-grained  gray  matrix  with  angular  bits  of  quartz 
and  feldspar,  or  fragments  of  granite,  or  small  polished  pebbles  of 
felsite.  As  shown  before,  even  thin  sections  under  the  microscope 
present  no  material  differences. 

In  fact,  the  only  important  point  of  distinction  between  the  two 
tillites  is  the  comparative  ease  with  which  the  Dwyka  matrix  weathers, 
setting  free  the  inclosed  stones;  while  in  the  Cobalt  rock  matrix  and 
pebbles  weather  at  nearly  the  same  rate.  In  both  tillites  when  fresh 
it  is  hard  to  break  out  the  stones  by  the  hammer,  since  the  fractures 
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are  apt  to  run  impartially  through  pebble  and  matrix.  One  cannot 
but  be  struck  by  the  close  resemblance  the  two  rocks  have  to  one 
another  in  every  particular.  Every  argument  which  goes  to  prove  the 
glacial  origin  of  the  Dwyka  conglomerate  applies  equally  well  to  the 
Lower  Huronian  conglomerate  of  northern  Ontario,  with  one  exception. 
No  imderlying  striated  surfaces  or  roches  moutonnies  have  been 
found  beneath  the  Lower  Huronian  tillite ;  while  beautifully  glaciated 
surfaces  are  displayed  beneath  the  northern  Dwyka.  It  should  be 
remembered,  however,  that  no  such  surfaces  have  been  found  under 
the  southern  Dwyka,  where  the  conglomerate  passes  downward  into 


Flo.  5. — ^Dwyka  tillite  to  left.  Lower  Huronian  to  right. 

shale,  e.  g.,  near  Matjesfontein.  It  may  be  recalled  also  that  at  many 
points  in  North  America  no  ice-smoothed  surfaces  arc  found  under 
Pfcistocene  bowlder  clay.  This  is  the  case  at  Toronto,  where  the 
underlying  Hudson  shale  is  never  polished  or  striated  but  seems 
almost  to  blend  upward  into  the  lowest  sheet  of  bowlder  clay.  The 
absence  so  far  as  known  of  roches  mautonnies  under  the  Lower 
Huronian  conglomerate  is  then  no  valid  argument  against  its  glacial 
origin. 

EXTENT  OF  THE  LOWER  HURONIAN  GLACIATION 

The  striated  stones  referred  to  earlier  in  this  paper  were  obtained 
at  two  points  three  or  four  miles  apart,  in  a  cutting  on  the  Temis- 
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earning  railroad  near  mile  icx>,  and  on  the  Trethewey  silver-mining 
location;  both  localities  being  included  in  the  same  area  of  conglom- 
erate as  mapped  by  Professor  Miller.  Search  was  made  for  glaciated 
stones  near  Temagami,  twenty-eight  miles  southwest,  where  the  con- 
glomerate is  prominent  in  railway  cuttings,  but  the  rock  proved  to  be 
somewhat  squeezed  and  decidedly  more  metamorphosed  than  at 
Cobalt,  so  that  the  stones  broken  out  of  the  matrix  showed  no  well- 
preserved  surfaces.  In  every  other  respect  the  con^omerate  is  exactly 
like  that  of  the  silver  region. 

Conglomerates  of  the  same  age  are  known  from  almost  every  area 
mapped  as  Huronian  in  Ontario,  from  Lake  Temiscaming  on  the 
east  to  Lake-of -the- Woods  on  the  west,  a  distance  of  more  than  700 
miles;  and  from  Lake  Huron  on  the  south  to  the  north  end  of  Lake 
Nipigon,  250  miles.  In  my  own  field-work  such  conglomerates  have  been 
studied  at  more  than  twenty  localities  scattered  over  the  great  region. 

In  most  cases  the  conglomerate  has  proved  to  be  far  more  meta- 
morphosed than  at  Cobalt,  often  transformed  into  schist  conglomerate 
with  the  pebbles  and  bowlders  flattened  into  lenses.  In  such  cases 
the  resemblance  to  bowlder  clay  is  lost,  though  the  varied  size  and 
lithographical  characters  of  the  stones,  and  often  also  their  wide 
spacing  in  the  matrix,  arc  suggestive^of  a  glacial  origin. 

In  several  places,  however,  the  Lower  Huronian  conglomerate  is 
almost  as  unchanged  as  at  Cobalt,  for  instance,  near  Lake  Wahnapitae, 
east  of  Sudbury,  and  at  various  places  in  the  t}T)ical  Huronian  region 
north  of  Lake  Huron.  Years  ago  these  impressed  me  as  resembling 
bowlder  clay,  but  at  that  time  no  striated  stones  were  found. 

These  areas  of  characteristic  tillite  occur  at  points  200  miles  apart, 
about  in  lat.  46°.  Of  the  other  conglomerate  areas  one  can  only  say 
that  in  all  probability  they  are  glacial  also.  In  some  places  where  the 
pebbles  form  closely  crowded  bands  and  are  fairly  uniform  in  size 
they  are  probably  water  formed,  and  may  be  explained  as  kames  or 
marginal  gravel  beds  like  the  Saskatchewan  gravels  of  Alberta,  glacial 
materials  rearranged  by  rivers  or  by  wave  action. 

Very  similar  bowlder  conglomerates  are  described  from  Huronian 
regions  not  visited  by  the  present  writer.  Dr.  Bell  maps  schist  con- 
glomerates in  northern  Quebec,  the  most  easterly  at  Mattagami  Lake, 
in  long.  77°  30',  and  Mr.  Low  describes  bowlder  conglomerates  from 


THE  LOWER  HURONIAN  ICE  AGE  157 

southern  Labrador.  Mr.  J.  B.  Tyrrell  has  found  them  on  Pipestone 
and  Cross  lakes  northeast  of  Lake  Winnipeg,  in  long.  97°  30',  and  Mr. 
Stewart  Dobbs  has  described  them  from  Manitou  River  near  Hudson 
Bay,inlat.  57®  and  long.  92®.  Huronian  conglomerates  exist,  then,  at 
points  I, OCX)  miles  apart  from  east  to  west  and  750  miles  apart  from 
south  to  north;  and  there  is  little  doubt  that  areas  still  remain  to  be 
discovered  in  the  far  north.  To  the  south  of  the  Great  Lakes  very 
similar  Lower  Huronian  conglomerates  are  known  in  Minnesota  and 
Michigan,  and  it  is  altogether  probable  that  other  areas  to  the  south 
are  buried  beneath  the  Paleozoic  sediments.  Supposedly  Huronian 
conglomerates  have  been  described  also  from  the  Avalon  Peninsula 
of  Newfoundland. 

So  far  as  North  America  is  concerned  the  probable  extent  of  glaci- 
ated territory  is  comparable  to  that  of  the  Permo-Carboniferous  and 
the  Pleistocene.  In  the  Old  World  also  there  are  very  ancient  bowlder 
conglomerates  which  may  be  of  the  same  age  and  origin.  Sir  Archi- 
bald Geikie  says  of  such  bowlder  beds  in  Scotland  that,  ^Svhere  the 
component  blocks  are  large  and  angular,  as  at  Gairlock,  they  remind 
the  observer  of  the  stones  in  a  moraine  or  in  bowlder  clay.** '  Similar 
pre-Cambrian  conglomerates  are  found  in  Scandinavia  and  in  Fin- 
land; and  probably  also  in  India  and  China;  but  whether  they  are 
equivalent  in  age  to  the  Lower  Huronian  of  Canada  is  uncertain. 

GENERAL  CONCLUSIONS 

It  has  been  shown  that  convincing  evidence  of  glacial  action  in 
Lower  Huronian  times  has  been  found  in  the  Cobalt  region  of  northern 
Ontario,  the  glaciated  stones  obtained  there  furnishing  the  final  proof; 
that  exactly  similar  conglomerates  occur  at  points  50  and  200  miles 
farther  west,  though  no  striated  stones  have  yet  been  found  in  them; 
and  that  bowlder  conglomerates,  once  probably  of  the  same  kind,  but 
now  squeezed  and  rendered  schistose,  occur  in  every  important  tract 
of  Huronian  in  North  America,  suggesting  strongly  that  the  whole 
region  was  glaciated  at  that  time. 

Moved  by  conservatism  and  having  in  mind  the  long-accepted 
theory  of  a  molten  earth  slowly  cooling  to  its  present  temperatures, 
some  geologists  may  object  to  the  conclusions  given  above  and  may 
think  that  too  much  stress  has  been  put  on  the  few  scratched  bowlders 

«  TesU  Book  of  Geology,  p.  705. 
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thus  far  obtained.  In  reply  it  may  be  stated  that  the  striated  stones 
are  merely  the  climax  of  the  evidence  in  favor  of  a  Lower  Huronian 
ice  age.  The  character  and  extent  of  the  conglomerates  themselves 
are  unaccountable  on  any  other  theory.  If  these  conglomerates  were 
known  only  from  a  few  small  patches,  one  might  perhaps  invoke  crush- 
ing and  faulting,  or  talus  formation,  or  exceptionally  heavy  river  cur- 
rents to  account  for  them;  but  when  one  finds  that  they  often  cover 
many  square  miles,  with  thicknesses  of  hundreds  or  even  more  than 
a  thousand  feet,  and  occur  in  every  Huronian  district  with  the  same 
characteristics,  any  such  cause  becomes  incredible.  It  must  be 
remembered  that,  large  as  the  conglomerate  areas  are,  they  represent 
only  remnants  of  a  much  more  widely  spread  formation;  for  the 
greater  part  they  are  merely  bands  caught  in  synclines  during  the 
elevation  of  the  Archaean  mountain  ranges.  In  the  beginning  the 
conglomerate  must  have  been  far  more  extensive  and  was  perhaps 
continuous  over  the  hundreds  of  thousands  of  square  miles  where  it 
is  now  found  in  scattered  patches.  The  only  comparable  bowlder- 
bearing  formations  known  are  the  bowlder  cla)rs  of  Permo-Carbonif- 
erous  and  Pleistocene  times.  Under  these  circumstances  the  burden 
of  proof  lies  with  those  who  oppose  the  glacial  origin  of  the  Lower 
Huronian  conglomerate,  and  not  with  those  who  support  it. 

Since  there  is  only  one  older  sedimentary  formation,  the  Keewatin, 
below  the  Lower  Huronian,  the  glacial  period  just  described  comes 
very  close  to  the  beginning  of  known  geological  history.  The  surface 
of  North  America  was  much  colder  then  than  at  present,  and  there  is 
every  reason  to  think  that  the  earth's  climates  were  then,  as  now, 
controlled  from  without,  and  not  influenced  by  stores  of  internal  heat 
much  greater  than  in  recent  times.  The  earth  has  not  cooled  down 
from  the  earliest  ages  known  to  geology,  but  may  have  kept  a  uniform 
temperature,  or  may  have  been  warming  up  as  the  ages  advanced. 

If  a  Lower  Huronian  ice  age  is  admitted,  geologists  should  cease  to 
speak  of  the  earth  as  once  a  molten  globe,  and  to  begin  historical 
geology  with  its  cooling  so  as  to  form  a  solid  crust,  on  which,  much 
later,  water  could  condense,  and  sedimentary  deposits  be  formed. 
There  is  no  geological  evidence  of  any  such  early  history,  and  we 
should  not  cling  to  an  outworn  nebular  hypothesis  which  the  astrono- 
mers themselves  are  throwing  overboard. 
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GENERAL  INTRODUCTION 
The  environment  of  the  lands  may  be  classified  into  three  funda- 
mental and  independent  factors — the  relations  to  the  surrounding 
seas,  the  topography  which  forms  their  surfaces,  and  the  climates 

*  Presented  in  abstract  before  the  Geological  Society  of  America,  December  26, 
1906.  The  term  terrestrial  deposits  has  special  reference  here  to  fluvial  and  pluvial 
deposits  rather  than  glacial,  lacustrine,  and  eolion  deposits. 

>  Parts  II  and  III  will  be  published  in  later  numbers. 
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which  envelope  them;  each  of  major  importance  in  controlling  the 
character  of  the  lands  and  the  evolution  of  their  inhabitants. 

The  relations  of  the  lands  and  seas  of  previous  ages  is  the  one 
of  these  environmental  conditions  which  has  been  longest  under 
investigation,  since  the  seas  have  left  a  positive  record  of  their  inva- 
sions in  the  form  of  marine  sedimentary  strata  and  the  remains  of 
the  inhabiting  organisms. 

The  topographic  changes  of  the  lands  of  earlier  ages  give  prob- 
lems of  equal  importance,  both  in  connection  with  the  history  of 
crustal  movements,  as  sources  of  the  sedimentary  rocks,  and  in  the 
evolution  of  terrestrial  life;  now  raising  mountain  barriers  and 
again  opening  fields  for  migration  and  expansive  evolution.  But 
until  recent  years  the  problem  of  restoring  earlier  land-forms  had  not 
attained  to  a  systematic  and  scientific  state.  That  knowledge  of 
the  topographic  history  of  the  land  should  be  slower  in  development 
than  the  relations  of  land  and  sea  is  seen  to  be  natural  when  it  is 
considered  that  each  erosion  surface  is  made  only  through  the  de- 
struction of  the  preceding  land-form,  with  the  result  that  the  earlier 
leaves  in  the  volume  of  land  history,  contrary  to  that  of  the  sea,  are 
destroyed  in  the  making  of  the  last,  and  it  is  only  through  processes 
of  deduction  that  the  earlier  stages  may  in  a  general  way  be  restored. 

The  third  great  problem  of  terrestrial  environment,  the  succession 
of  ancient  climates,  lags  still  farther  behind  in  development,  but  is 
no  less  important  in  a  complete  understanding  of  the  history  of  the 
earth  and  its  inhabitants.  This  lack  of  development  is  doubtless 
due  to  the  intangible  nature  of  climate  and  the  absence  of  direct 
record  of  its  geologic  changes.  When  it  is  considered,  however,  how 
fundamental  arc  the  relations  of  continental  deposits  to  the  climates 
in  which  they  are  formed,  it  is  seen  that  the  record  of  geologic  climates, 
while  indirect  and  largely  awaiting  interpretation,  is  nevertheless 
in  existence. 

The  significance  of  salt  and  gypsum  deposits  on  the  one  hand  or 
of  glacial  deposits  on  th^  other  is  of  course  universally  recognized, 
but  these  are  the  marks  of  climatic  extremes.  The  causes  of  climatic 
variations,  as  distinct  from  the  record,  have  likewise  in  recent  years 
received  a  great  amount  of  attention,  with  the  result  that  a  considerable 
body  of  knowledge  has  taken  the  place  of  previous  speculation.    But 
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what  are  the  g^logic  records  of  that  great  variety  of  climates  which, 
excluding  the  desert  belts  of  the  world,  reach  at  present  from  the 
equator  to  the  polar  zones  ?  They  may  be  studied  most  favorably 
in  ancient  terrestrial  deposits,  since  these  are  free  from  the  con- 
tributory record  of  the  sea,  and,  as  it  is  the  problem  of  the  average 
climates  which  it  is  sought  to  investigate,  it  is  especially  in  ancient 
fluvial  and  pluvial  deposits  rather  than  in  deposits  of  desert  or  glacial 
origin  that  the  record  is  to  be  found.  In  such  river  deposits  each 
stratum  represents  an  old  land  surface,  the  seat  of  abundant  animal 
and  vegetable  life,  sealed  and  protected  instead  of  destroyed,  by  the 
making  of  the  succeeding  land  record.  In  such  deposits  the  evidence 
most  usually  studied  is  that  from  the  teeth  and  feet  of  animal  fossils, 
or  the  nature  of  vegetable  remains.  But  many  continental  deposits 
are  without  fossils  and  many  groups  of  organisms  show  a  wide  climatic 
range,  so  that  it  is  very  desirable  that  other  features  constantly  present, 
such  as  the  chemical,  textural,  and  structural  characteristics  of  the 
strata,  should  be  available  for  the  climatic  interpretation.  The 
significances  of  such  features  have  of  course  not  entirely  escaped 
attention,  the  presence  of  red  in  shales  or  sandstones  is  sometimes 
cited  as  evidence  of  derivation  from  a  deeply  decayed  and  highly  oxi- 
dized regolith;  or  the  existence  of  a  conglomerate  whose  pebbles  are  of 
vein  quartz  as  evidence  of  the  thorough  decomposition  of  an  ancient 
soil.  But  such  statements  have  been  made  without  a  preliminary 
investigation  into  all  the  possible  modes  of  origin,  and  it  will  be  found 
that  in  the  following  pages  other  interpretations  are  pointed  out. 
The  problem,  then,  in  the  present  paper  is  to  separate  the  influence 
of  the  climatic  and  topographic  factors  in  the  making  of  fluviatile 
continental  sediments.  In  seeking  for  data  to  draw  the  lines  more 
closely  it  is  found  that  the  relations  of  climate  to  the  nature  of  the 
land  waste  and  river  sediments  have  attracted  the  attention  of  rela- 
tively few  explorers  and^scientists.  Such  exceptions  must,  however, 
be  noted,  as  Blanford  and  Oldham,  Walther,  Hilgard,  Merrill,  Russell, 
Davis,  and  Huntington.  These  men,  with  a  few  others,  have  largely 
supplied  the  data  which  make  the  following  articles  possible. 

The  mode  of  treatment  adopted  is  to  divide  the  influence  of  climate 
upon  fluvial  and  pluvial  deposits  into  three  parts :  first,  the  influence 
on  the  kind  and  quantity  of  the  material  eroded,  allowing  for  the 
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effects  of  various  land  reliefs  and  lithologic  characters;  second,  the 
influence  upon  the  sediments  in  the  region  of  deposition,  aUowing 
for  the  various  geographic  conditions  under  which  the  deposit  may 
take  place;  third,  the  relations  of  climate  to  transportation  by  running 
water.  Each  of  these  relations  forms  a  largely  independent  problem 
and  by  the  concurrence  of  evidence  from  them  other  factors  may  be 
eliminated  and  a  fair  degree  of  certainty  attained  in  regard  to  the  climatic 
conditions  existing  during  the  formation  of  ancient  stream  deposits. 

The  first  part,  dealing  with  the  relations  of  climate  to  erosion, 
is  necessarily  largely  physiographic  and,  in  the  case  of  sediments 
which  are  carried  long  distances,  is  of  less  final  influence  than  the 
conditions  under  which  the  sediments  are  deposited  and  those 
of  the  preceding  transportation.  The  purpose  of  the  whole  paper 
is,  however,  not  physiographic  but  stratigraphic.  For  this  reason 
it  is  the  relation  of  physiography  to  erosion  and  the  consequent 
supply  of  sediments  which  is  dwelt  upon,  rather  than  the  discussion 
of  the  land-forms  as  an  end  of  investigation.  Owing  to  this  some- 
what unusual  use  of  physiography  as  well  as  the  desire  to  make  the 
discussion  more  complete  for  students  in  other  branches  of  geology, 
it  is  necessary  to  go  over  some  ground  which  is  familiar  to  physiog- 
raphers. Even  from  a  physiographical  standpoint,  however,  it  is 
thought  that  a  brief  general  discussion  of  all  the  climatic  factors 
influencing  erosion  is  not  without  its  value,  since  it  is  found  to  suggest 
some  new  points  of  view  upon  several  old  problems. 

For  the  elaboration  of  the  second  and  third  parts,  those  upon  the 
relations  of  climate  to  terrestrial  deposition  and  the  preceding  trans- 
portation, sufficient  reason  is  found  in  the  existence  of  diverse  views 
held  by  many  working  geologists  upon  the  significance  of  various 
stratigraphic  characters;  and,  furthermore,  in  the  general  conclusion 
that  climate  is  a  factor  comparable  to  disturbances  of  the  crust  or  move- 
ments of  the  shore  line  in  determining  the  nature  and  the  variations 
in  the  stratified  rocks  of  continental  or  off-shore  origin,  thus  playing 
a  part  of  large,  though  but  little-appreciated,  importance  in  the  making 
of  the  stratigraphic  record. 

The  investigation  was  instituted  to  see  to  what  extent  profound 
climatic  variations,  complicated  doubtless  with  some  tectonic  move- 
ments, could  account  for  the  great  contrasts   in  the  Lower  and 
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Upper  Carboniferous  formations  of  eastern  Pennsylvania;  forma- 
tions which  had  been  found  by  the  writer  from  field  investigations 
to  be  continental  in  origin  and  therefore  their  contrasted  features 
not  to  be  attributed  to  changes  in  the  relations  of  land  and  sea. 
As  an  illustration  of  the  importance  of  the  climatic  factor  in  sedimenta- 
tion, it  may  be  stated  that  an  application  of  the  conclusions  of  this 
paper  goes  to  show  on  several  lines  of  evidence,  which  it  is  hoped  to 
publish  in  the  near  future,  that  the  changes  from  the  red  beds  of  the 
Catskill  formation,  several  thousand  feet  in  thickness,  to  the  gray 
Pocono  sandstones  with  a  maximum  thickness  of  1,200  to  1,300  feet, 
then  to  the  sharply  contrasted  red  shales  and  sandstones  of  the  Mauch 
Chunck,  3,000  feet  in  maximum  thickness,  and  back  to  the  massive 
white  conglomerates  of  the  PottsviUe  conglomerate,  1,200  feet  in 
maximum  thickness,  followed  by  the  coal  measures,  are  all  the  result 
of  increasingly  wide  swings  of  the  climatic  pendulum  which  carried 
the  world  from  Upper  Devonian  warmth  and  semi-aridity  to  Upper 
Carboniferous  coolness,  humidity,  and  glaciation. 

PART  I.    RELATIONS  OF  SEDIMENTS  TO  REGIONS  OF  EROSION 

Introduction 

The  larger  rivers  of  the  world,  of  which  the  Missouri  and  the  Nile 
may  be  cited  as  striking  examples,  frequently  rise  in  a  climatic  zone 
entirely  distinct  from  that  of  the  mouth.  Such  rivers  usually  flow 
for  some  hundreds  of  miles  across  low-lying  country  after  escaping 
from  the  mountains,  and  carry  nothing  coarser  than  fine  sand  in 
their  lower  reaches,  the  dominant  deposits  over  the  surfaces  of  the 
large  deltas  being  a  great  volume  of  clay  and  loam.  That  the  climatic 
conditions  under  which  the  sediment  is  supplied  at  the  source,  has 
an  appreciable  influence  even  in  these  extreme  cases  is  shown  by 
Walther,  who  points  out  that  the  alluvium  of  the  large  tropical  rivers 
is  usually  red  in  color  while  that  of  the  Ganges  and  Mississippi, 
brought  to  the  limits  of  the  tropics  from  temperate  regions,  is  gray 
instead  of  red.' 

In  shorter  river  systems,  however,  not  only  is  the  climate  of  the 
headwaters  more  closely  related  to  that  of  the  alluvial  plains,  but  both 
the  climatic  and  geographic  conditions  existing  over  the  former  region 

*  EinleUung  in  die  Gealogie,  1S94,  p.  815. 
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will  notably  modify  the  character  of  the  sediments  laid  down  upon 
the  latter.  It  is  necessary,  therefore,  to  consider  geographic  factors 
as  well  as  climatic,  and  to  begin  at  the  river's  source.  The  geographic 
and  topographic  relations  in  the  regions  of  erosion  existing  during  a 
distant  epoch  cannot,  however,  be  directjy  ascertained  by  observation 
of  the  existing  rocks,  as  may  the  conditions  in  the  region  of  deposition. 
These  relations  may,  furthermore,  in  their  effect  upon  the  alluvium, 
simulate  and  mask  the  climatic  effects  to  some  extent.  As  a  result 
it  fe  impracticable  to  make  fine  distinctions  in  climatic  cause  over 
the  regions  of  erosion,  and  in  general  only  those  types  of  climate 
which  markedly  affect  the  quantity  and  kind  of  land  waste  need  be 
considered.  These  may  be  classified  as  of  four  types,  as  follows: 
warm  and  rainy,  warm  and  arid,  cold  and  rainy,  cold  and  arid ;  truly 
glacial  climates  being  excluded  from  the  scope  of  the  paper. 

Character  of  Rocks  Supplying  Sediment 
similar  effects  from  lithol^igic  and  climatic  causes 
In  alluvial  deposits  the  nature  of  the  rocks  supplying  sediment  is 
a  matter  of  importance.  A  basic  igneous  rock,  for  instance,  even  in 
a  subarid  climate,  such  as  exists  over  the  Deccan  of  India  and  the 
northwestern  United  States,  riiay  give  rise  to  a  large  amount  of 
ferruginous  clay  containing  mineral  fragments  other  than  quartz, 
and  of  various  sizes.  After  sufficient  transportation  and  sorting 
such  clays  would  be  the  dominating  deposits,  and  except  for  a  greater 
content  of  lime,  must  closely  simulate  clays  from  well-decayed  nor- 
mally acidic  rocks  of  a  more  pluvial  climate.  Again,  a  region  of 
calcareous  rocks  will  furnish  a  large  amount  of  lime  in  solution,  and 
this,  by  cementing  the  alluvium  of  the  delta,  as  for  example,  in  that 
of  the  Rhine,  may  cause  the  river  deposits  of  a  humid  climate  to 
resemble  in  this  respect  the  alluvium  of  subarid  regions.  Further, 
the  material  derived  from  rocks  of  a  sedimentary  nature  owes  part 
of  its  character  to  a  previous  cycle  of  erosion  and  deposition  under 
different  climatic  and  geographic  conditions. 

ELIMINATION   OF  LITHOLOGIC   FACTORS 

This  possibility  of  confusion  between  climaticandlithologic  influences 
over  the  region  of  the  headwaters  may  be  obviated  to  a  large  extent, 
first,  through  the  determination  of  the  source  of  sediments  and,  if 
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this  region  is  still  above  the  sea,  observation  as  to  the  kind  of  rocks 
now  outcropping  and  probably  present  at  that  time;  second,  by  a 
detailed  study  of  the  nature  of  the  sedimentary  particles  (Sorby, 
Bonney,  and  others  have  shown  to  what  an  extent  microscopic  study 
of  sedimentary  materials  may  indicate  the  lithologic  nature  of  the 
source) ;'  third,  by  comparing  the  particles  in  deposits  of  dissimilar 
nature  but  of  similar  coarseness  or  fineness  accumulated  in  suc- 
cessive epochs  in  the  same  region,  and  presumably  from  the  same 
general  source.  For  example,  the  material  forming  the  coal-measure 
shales  and  sandstones  of  eastern  Pennsylvania  is  of  about  the  same 
grain  and  doubtless  from  the  same  ultimate  source  as  the  Upper 
Devonian  and  Subcarboniferous  shales  and  sandstones  of  the  same 
region.  Scattered  microscopic  particles  of  feldspar  in  one  of  these 
formations  and  an  absence  of  them  in  another  may  be  taken  as  due 
to  a  difiFerence  in  topographic  or  climatic  conditions  of  origin  in  the 
region  of  the  headwaters,  and  not  due  to  derivation  from  unlike 
lithologic  sources. 

The  preceding  statements  regarding  the  influence  of  the  sedi- 
mentary source  must  not  be  allowed,  however,  to  give  an  exaggerated 
importance  to  the  lithologic  character  of  the  original  rock;  important 
near  the  regions  of  erosion,  it  diminishes  with  the  distance  of  trans- 
portation.   In  regard  to  this  matter  E.  W.  Hilgard  states : 

Alluvial  soils  are  to  a  certain  extent  dependent  upon  the  character  of  the 
locks  and  surface  deposits  occurring  within  the  drainage  area  of  the  depositing 
stream.  As  a  rule  their  composition  is  much  more  generalized;  and  their  char- 
acter as  to  the  relative  proportions  of  sand  and  clay  is  essentially  dependent 
upon  die  velocity  of  the  water  current.* 

This  diminution  in  influence  of  origin  with  distance  of  trans- 
portation is  due  partly  to  the  contributions  from  tributary  streams 
coming  from  somewhat  different  geologic  provinces,  partly  to  con- 
tinued decomposition  of  the  sediments  during  transportation,  tending 
to  leave  similar  insoluble  residues,  but  largely  to  the  sorting  action  of 
the  water  in  separating  unlike  constituents.  The  sediments  from 
dissimilar  geologic  provinces,  therefore,  are  apt  to  consist  of  similarly 
classified  products,  such  as  ferruginous  clays  and  siliceous  sands, 

« T.  G.  Bonney,  Presidential  Address,  Section  C — Geology,  Proceedings  0/  the 
BnHsh  AssociaUon  for  ike  Advancement  of  Science,  1S86,  pp.  601-31. 
*  SMls  in  the  Humid  and  Arid  Regions,  1906,  p.  13. 
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though  the  total  amounts  of  these  may  hold  to  each  other  entirely 
different  proportions.  It  is  to  be  concluded  that  the  nature  of  the 
parent  rock  is  best  reflected  by  the  nature  of  the  sediment  where  this 
is  but  slightly  transported,  but  may  show  in  minor  degree  for  long 
distances. 

Relations  of  Rainfall  and  Topography  to  Erosion 
interrelations  of  topographic  and  climatic  causes 

The  relation  between  the  topographic  character  of  the  land  and 
the  resulting  sediment  has  been  discussed _by  Bailey  Wfljjg,  who 
points  out  that  in  the  youthful  topographic  stages  rock-breaking  as 
a  method  of  erosion  dominates  over  rock  decay;  in  topographic  old 
age  the  reverse  is  true.  The  former  supplies  a  maximum  of  unleached 
mechanical  sediments;  the  second,  a  maximum  of  rock  matter  in 
solution.' 

Under  arid  climates,  however,  and  to  a  lesser  extent  in  cold  climates, 
the  material  derived  from  the  rocks  is  characterized  by  the  same 
dominance  of  disintegration  over  decomposition,  even  in  regions  of 
topographic  maturity  or  old  age;  sun  and  wind  serving  to  erode  and 
transport  rock  material  without  producing  rock  decay.  When  swept 
to  a  distance  by  rivers  and  laid  down  upon  flood-plains,  there  may  be 
strong  chemical  resemblances  between  the  sediments  originating  under 
such  dissimilar  conditions  and  consequently  a  resulting  confusion 
between  distinct  topographic  and  climatic  causes. 

Furthermore,  topography  and  climate  not  only  have  independent 
and  sometimes  similar  effects  upon  the  sediments,  but  have  mutual 
effects  upon  each  other.  On  the  one  hand,  topography  in  its  major 
features  modifies  climate,  on  the  other,  climate  materially  affects 
the  minor  features  of  topography. 

Different  kinds  of  climate  and  topography  may,  therefore,  lead  to 
various  results,  and  a  change  in  either  the  climatic  or  topographic 
factor  in  the  regions  of  erosion  may  be  expressed  by  a  change  in 
sedimentation  over  a  distant  flood-plain.  In  analyzing  and  separat- 
ing these  interrelations  and  simulated  effects  three  kinds  of  topog- 
raphy may  be  considered:  first,  young  and  mountainous  topography, 
characterized  by  deep  and  precipitous  valley  walls,  hig^  elevations, 

>  Studies  for  Students,  "Conditions  of  Sedimentary  Deposition,"  Journal  of 
Geology,  Vol.  I,  1893,  PP-  476-80. 
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and  a  maximum  of  nalced  rock  surface;  second,  mature  mountainous 
topography,  marked  by  broadly  Y-shaped  valleys,  long  slopes  covered 
with  soil  and  talus,  and  lower  rounded  summits ;  third,  old  topography, 
with  widely  opened,  flattened  valleys  holding  meandering  rivers  and 
with  the  interstream  spaces  no  longer  mountainous,  but  reduced  to 
rolling  hiHs.  The  four  kinds  of  climate  to  be  considered  have  ahready 
been  mentioned  as  combinations  of  pluvial  and  arid,  warm  and  cold. 

YOUNG  TOPOGRAPHY  AND  VARIOUS  CLIMATES 

Young  and  mountainous  topography,  as  is  well  known,  produces 
an  intensification  of  climatic  effects  and  a  heightening  of  the  climatic 
contrasts  of  nearby  regions,  inducing  an  extreme  precipitation,  often 
largely  as  snow,  upon  the  windward  slopes  and  to  a  lesser  extent  upon 
the  leeward  slopes,  and  resulting  in  semiarid  or  truly  arid  tracts 
farther  to  leeward.  Rapid  erosion  will  prevail  in  both  regions,  but 
the  results  are  of  essentially  different  characters.  Where  the  pre- 
cipitation is  regular  and  not  violent,  that  is,  not  as  snowfall  or  irregu- 
lar cloud-bursts,  the  rivers  and  valley  walls  tend  to  become  graded, 
vegetation  holds  the  soil  to  the  slopes,  and  interstream  erosion  over 
the  soil-covered  regions  is  diminished,  and  the  material  carried  away 
by  the  rivers  is  finer'  and  more  thoroughly  leached  of  its  soluble 
elements.*  Over  the  steeper  slopes  and  along  the  streams,  however, 
erosion  may  gp  forward  with  immense  rapidity.  The  waste  which 
is  held  within  the  region  is,  therefore,  largely  held  as  soil,  on  the 
moderate  slopes,  and  not  as  detritus,  and  upon  any  climatic  change 
which  shall  diminish  the  effectiveness  of  the  vegetative  covering  is 
liable  to  be  swept  away  with  geological  suddenness  as  a  flood  of  clay, 
sand,  and  gravel 

On  the  side  of  the  mountains  possessing  a  subarid  or  arid  climate, 
the  waste  is  swept  away  as  soon  as  disintegration  frees  it  from  the 
rock,  and  is  largely  stored  in  interior  basins  or  on  piedmont  slopes. 
This  material  adjacent  to  the  moimtains  is  but  little  decomposed, 
has  less  true  clay,  and  on  the  whole  is  coarser  than  the  similarly 
situated  waste  of  milder  or  more  pluvial  climates.    As  examples 

>  E.  Huntington,  ExphmHons  in  Turkestan^  with  an  Account  of  the  Basin  of 
Easkm  Persia  and  Sisien,  Carnegie  Institution  Publications,  No.  26,  1905,  p.  269. 
•  £.  W.  HUgaxd,  SaHs  of  the  Humid  and  Arid  Regions,  p.  413,  1906. 
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may  be  cited  the  coalescent  gravel  fans  of  Persia  forming  the  "skirts 
of  the  mountains/'  and  the  detrital  slopes  of  the  mountains  in  New 
Mexico  and  Arizona. 

As  a  description  of  the  character  of  erosion  in  the  heart  of  the  desert 
mountain  region  of  Arizona  may  be  cited  a  paragraph  by  Ransome, 
who,  writing  of  the  Globe  copper  district,  says: 

With  the  exception  of  the  timbered  slopes  of  the  Pinal  Mountains,  and  a 
few  alluvial  areas  along  the  main  arroyos,  the  surface  of  the  region  is  almost 
destitute  of  soil.  The  scanty  shrubbery,  and  the  sparse  grass  and  herbage 
which  spring  up  with  wonderful  rapidity  after  the  rains,  are  insufficient  to  prevent 
such  soQ  as  may  form  from  being  quickly  washed  away.  The  humus  acids, 
which  in  moister  climates  and  beneath  the  covering  of  soil  aid  in  rock  decay, 
have  in  this  region  little  opportunity  to  form  or  to  attack  the  rocks.  The  latter 
crumble  or  flake  under  the  influence  of  sharp  atmospheric  changes,  and  these 
fragments  are  rapidly  carried  into  the  valleys.  The  granitic  masses  crumble 
into  particles  of  quartz,  flakes  of  mica,  and  angular  fragments  or  crystab  of 
comparatively  fresh  feldspar.  The  rains  acting  on  this  disintegrated  material 
soon  wash  it  down  to  the  larger  streams,  which  carry  off  the  quartz  and  mica. 
The  larger  fragments  of  feldspar  often  build  up  alluvial  fans  at  the  mouths  of 
the  small  ravines  heading  in  a  granitic  area,  and  such  fans  are  remarkable  for 
the  purity  and  freshness  of  the  feldspathic  material  which  composes  them,  the 
numerous  cleavage  faces  flashing  brightly  in  the  sun.  Excellent  examjte  of 
these  fans  were  observed  along  Pinto  Creek,  north  of  Horrell's  west  ranch.  They 
are  evidently  transient  phenomena,  accumulating  until  an  exceptionally  wet 
season  causes  Pinto  Creek  to  rise  and  sweep  them  away.' 

The  rainfall  varies  in  adjacent  parts  of  this  region  and  in  succes- 
sive years,  the  amounts  ranging  from  ii  to  20  inches  per  year,  a 
considerable  proportion  falling  as  rain  during  the  sudden  and  violent 
downpours  which  are  common  in  July  and  August.* 

Upon  a  climatic  change  causing  more  voluminous  streams  to  flow 
across  the  piedmont  slopes  or  drain  the  interior  basins,  the  stream 
profile  for  equilibrium  is  altered,  a  large  amount  of  coarse,  unleached, 
and  incoherent  waste  may  be  quickly  swept  downstream,  even  to 
the  delta,  and  be  deposited  either  upon  its  upper  surface  as  partly 
subaerial  products,  or  swept  to  the  front,  building  the  delta  farther 
seaward. 

I  Geology  0/  the  Globe  Copper  Distria,  Aritona,  Professional  Paper  No.  Z2,  U.  S. 
Geological  Survey,  1903,  p.  21. 
«  Op.  cU.f  p.  20. 
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MATURE  TOPOGRAPHY  AND  VARIOUS  CLIMATES 

Upon  a  mountain  region  becoming  mature,  its  lower  summits 
and  rounded  slopes  exercise  less  effect  upon  the  climate,  which  now 
becomes  less  accentuated  and  contrasted  in  nearby  regions,  and  the 
rainfall  may  extend  for  some  distance  beyond  the  crest  line.  Broad 
extents  of  continental  lands  are  here  more  important  as  modifiers 
of  the  climates  natural  to  the  several  zones.  There  is  still  a  marked 
relation  in  detafl,  however,  between  the  climate  and  the  surface. 
The  problem  has  been  studied  in  Persia  with  particular  reference 
to  climate  by  Huntington,  who  states: 

A  prominent  characteristic  of  the  mature  mountains  of  Persia  is  their  naked- 
ness, xoug^ess,  and  sterility.  In  a  young  country  it  is  to  be  expected  that  there 
shall  be  large  areas  of  naked  rock,  but  in  a  mature  country,  if  the  rainfall  is 
abundant,  most  of  the  surface,  except  the  immediate  valley  sides,  is  graded,  and 
thus  covered  more  or  less  deeply  with  soil.  Elastem  Persia,  however,  is  so  arid 
that  the  ordinary  state  of  affairs  is  reversed.  All  the  mountains,  whether  young 
or  mature,  are  characterized  by  nakedness.  Graded  slopes  are  not  a  feature 
of  maturity  in  an  arid  climate.' 

The  valleys  and  basins  are  deeply  filled  with  waste  and  the  area 
of  exposed  rock  is  not,  however,  so  great  as  during  the  period  of 
youth. 

The  differences  in  the  chemical  and  physical  composition  and  the 
place  of  storage  of  the  rock  waste  of  arid  and  well- watered  mountains 
become  emphasized  with  maturity.  This  heightened  contrast  is 
due  to  the  larger  and  deeper  mantle  of  rock  waste  exposed  to  t  he 
particular  climatic  influences  and  moving  more  leisurely  from  its 
original  source  to  the  reach  of  the  streams.  The  contrast  in  kind  of 
products  due  to  the  climatic  difference  is  well  brought  out  by  Hilgard,' 
who  points  out  that — 

since  kaolinization  is  also  a  process  of  hydration,  the  presence  of  water  must 
greatly  influence  its  intensity,  and  especially  the  subsequent  formation  of  colloidal 
day;  so  that  rocks  forming  day  soils  in  the  region  of  simimer  rains  may  in  the 
arid  regions  form  merdy  pulverulent  soil  materials.  Many  striking  examples 
of  these  differences  may  be  observed,  e.  g.,  in  comparing  the  outcome  of  the 
weathering  of  granitic  rocks  in  the  southern  Alleghenies  with  that  of  the  same 
rocks  in  the  Rocky  Mountains  and  westward,  especially  in  California  and  Arizona. 

I  ExphratUms  in  Turk^Oan^  Carnegie  Institution  Publications,  No.  26,  1905, 
pp.  247.  ^48. 

» Soils,  1906,  p.%7. 
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The  sharpness  of  the  ridges  of  the  Sierra  Madre,  and  the  rou^^iness  of  the  hard 
granitic  surfaces,  contrast  sharply  with  the  rounded  ranges  formed  by  the 
"rotten"  granites  of  the  Atlantic  slope,  where  sound,  unaltered  rock  can  some- 
times not  be  found  at  a  less  depth  than  forty  feet;  while  at  the  foot  of  the  Sierra 
Madre  ridges,  thick  beds  of  sharp,  fresh  granitic  sand,  too  open  and  pervbus 
to  serve  as  soils,  cover  the  upper  slopes  and  the  ''washes"  of  the  streams,  causing 
the  latter  to  sink  out  of  sight.  A  general  discussion  of  the  kinds  of  soils  fonned 
from  the  various  rocks  must,  therefore,  take  these  differences  into  due  consideration. 

The  lack  of  decomposition  and  the  dominaace  of  disintegration 
in  desert  regions,  giving  rise  to  fresh  and  unweathered  sands,  have 
also  been  emphasized  by  Walther,  who  shows  that  insolation  breaks 
up  crystalline  rocks  into  a  rubbish  of  crystals  scarcely  altered  chemi- 
cally.' Merrill  and  others  have  abundantly  confirmed  this  as  a 
principle  dominating  the  production  of  rock  waste  in  arid  climates. 

OLD  TOCOGRAPHY  AND  VARIOUS  CLIMATES 

Regions  topographically  old  are  of  lessened  importance  from  the 
view-point  of  the  mechanical  sediments  of  running  water,  but  litde 
waste  being  contributed  to  the  deltas  and  the  seas  and  the  conditions 
for  limestone  formation  approaching  close  to  the  shores.  In  the 
old  age  of  the  humid  region  the  blanket  of  decompoised  rock  becomes 
universal  and  increased  in  thickness,  giving  rise  upon  erosion  to 
fine-grained  and  well-decomposed  silts.  In  the  arid  regions,  on  the 
contrary,  the  waste  in  the  rock  basins  diminishes  in  thickness  through 
wind  and  water  erosion  and  the  desert  becomes  finally  covered  with 
a  thin  gravelly  or  sandy  mantle  still  characterized  by  lack  of  decom- 
position. In  the  old  age  of  arid  regions,  as  shown  by  Passarge,  wind 
erosion  becomes  increasingly  more  important  than  water  erosion, 
since  the  water  loses  its  force  upon  the  flat  desert  surface,  while 
the  action  of  the  wind  does  not  diminish  in  intensity.  The  products 
of  erosion  in  old  age,  therefore,  are  chiefly  wind-borne  loess  and  dime 
sand,  possessing  distinctive  qualities  and  a  different  distribution 
from  sediments  of  fluvial  and  pluvial  origin. 

Relations  of  Temperature  and  Topography  to  Erosion 

effects  of  temperature  variations  on  vegetation  and 
soil  retention 

Besides  the  relations  dependent  upon  rainfalll,  those  dependent 
upon  temperature  may  also  be  considered.     In  general,  increased  cold 

«  EinleUung  in  die  Geologie,  1893-94,  pp.  546-47. 
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with  stable  precipitation  but  without  glaci^tion  has  been  considered 
geologically  equivalent  to  stable  temperature  and  increased  rainfall, 
since  the  evaporation  is  decreased  and  the  run-ofT  consequently 
increased,  but  an  anal)rsis  of  the  problem  would  appear  to  show  that 
in  its  ultimate  stratigraphic  effects  it  is  much  more  complex  than  this, 
a  complexity  which  has  been  recognized  possibly  for  the  j&rst  time 
by  Chamberlin  and  Salisbury,'  who  state: 

The  cold  climate  probably  affected  erosion,  and  therefore  deposition  in  another 
way,  for  the  reduction  of  temperature  was  probably  attended  by  a  reduction  of 
vegetation,  and  any  diminution  of  vegetation  must  have  reflected  itself  in  increased 
erosion.  The  reduction  of  vegetation  was  probably  greatest  just  where  erosion 
was  most  readily  stimulated,  namely,  in  the  higher  altitudes.  The  importance 
of  this  consideration  has  perhaps  not  been  duly  considered. 

On  the^  other  hand,  a  marked  rise  in  mean  annual  temperature 
without  change  in  precipitation  will,  in  a  region  already  under  optimum 
climatic  conditions  for  vegetation,  be  equivalent  to  a  movement  toward 
aridity.  This  is  seen  oh  comparing  tropical  deserts  with  those  of 
the  temperate  zone,  where  in  the  former  a  precipitation  twice  as 
great  may  not  prevent  the  existence  of  a  similar  aridity.  The  results 
in  the  decrease  of  the  vegetative  hold  upon  the  soil  and  a  consequent 
increased  erosion,  provided  there  is  sufl&cient  runoff  to  remove  the 
rock  waste,  will  be  similar  to  the  results  of  a  change  toward  unfavor- 
able cold. 

It  may  be  stated  in  conclusion,  therefore,  that  any  marked  variation 
of  temperature  away  from  that  which  in  combination  with  the  rainfall 
gives  the  optimum  conditions  for  vegetable  growth  will  result  in  a 
loosening  of  the  soil  and  a  corresponding  increase  in  the  rate  of  erosion. 
The  diminished  area  of  rock  covered  by  the  soil  and  the  thinner 
covering  where  it  does  exist  will,  in  combination  with  the  lessened 
amount  of  organic  matter,  result  in  an  increase  of  disintegration  and 
a  relative  diminution,  of  rock  decay. 

EFFECTS  OF  INCREASED  COLD 

On  jrost  cLction  and  erosion. — Not  only  is  the  balance  of  the  vegeta- 
tive covering  to  erosive  power  disturbed,  but  during  periods  of 
increased  cold  the  frost  action  over  exposed  rock  surfaces  becomes 
more  energetic.     Its  intensity  at  high  mountain  elevations  or  in  high 

«  Geology,  Vol.  Ill,  1906,  p.  453. 
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latitudes  has  been  pointed  out  by  Walther,*  by  Russell/  by  Merrill,* 
and  others,  and  reliance  upon  this  action  has  been  employed  by 
Oldham  to  reach  the  conclusion  as  to  the  existence  of  a  period  of  cold, 
but  one  not  attended  by  glaciation  during  the  deposition  of  the 
Panchet  group,  early  Mesozoic  of  India.* 

It  has  been  thought  by  some  that  perhaps  a  rigorous  winter  climate 
does  not  promote  corresponding  disintegration,  since  during  a  con- 
siderable portion  of  the  year  there  may  be  no  thaw.  Observation 
seems  to  indicate,  however,  that  with  increase  of  altitude  or  latitude 
the  results  of  frost  action  become  progressively  more  pronounced. 
The  explanation  is  apparently  to  be  f oimd  in  the  fact  that  although 
surface  melting  and  refreezing  may  be  absent,  frost  action  is  at  such 
times  penetrating  constantly  deeper.  The  period  of  daily  freezing 
and  thawing  will  in  this  case  occur  at  the  two  ends  of  the  winter 
season  instead  of  the  middle  and  on  account  of  the  greater  daily 
insolation  and  nocturnal  radiation  the  effects  may  be  as  pronounced 
as  during  a  somewhat  longer  period  near  the  winter  solstice. 

If  the  cold  becomes  so  great,  however,  as  to  result  in  a  perpetually 
frozen  substratum,  the  disintegrative  action  will  presumably  become 
less  instead  of  greater,  but  such  a  condition  does  not  exist  at  present 
except  under  polar  climates.  It  is  not  one  which  would,  so  far  as 
known,  become  widespread  even  at  times  of  glaciation,  and  is  the 
consequence  of  a  climatic  extreme  which  need  hardly  be  considered. 

The  effects  of  increased  cold  in  regions  of  no  glaciation  must 
consequently  be  either  one  of  two  kinds,  depending  upon  whether 
frost  action  or  snowfall  is  increased:  frost  tending  to  make  more 
rock  waste;  snow  tending  to  prevent  frost  actbn  and  by  its  melting 
to  carry  waste  away. 

In  climates  possessing  but  little  snowfall,  increased  variations  of 
temperature  and  increased  frost  action  will  be  the  most  marked 
results  of  a  change  to  a  colder  climate.    In  regions  of  exposed  rock 

»  EinleUung  in  die  Geologie,  1893-94,  p.  559. 

>  Notes  on  the  Surface  Geology  of  Akiska,  Bulleda  of  the  Geological  Society  of 
America,  Vol.  I,  1890,  pp.  133-37. 

3  Disintegration  and  Decomposition  of  Diabase  at  Medford,  Mass.,  Bulletin  of 
the  Geological  Society  of  America,  Vol.  VII,  1896,  pp.  349-62. 

4  A  Manual  of  the  Geology  of  India:  Stratigraphical  and  Structural  Geology,  2d 
«<i.»  1893,  p.  201. 
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surfaces,  and  therefore  typically  in  rugged  mountainous  regions, 
this  must  result  in  a  more  rapid  disintegration  of  the  naked  rock 
masses  and  an  increased  supply  of  talus  to  the  streams.  Under  the 
small  precipitation  postulated,  however,  the  streams  will  be  only 
slighdy  increased  in  volume  by  the  decreased  evaporation,  and 
presumably  not  able  to  carry  away  the  excess  of  load.  The  weaken- 
ing of  the  vegetative  covering  over  the  soil-covered  slopes  would  work 
to  the  same  end,  but  in  a  desert  region  this  factor  would  be  absent. 
The  tendency  of  the  increased  disintegration  would  be  to  build  up 
piedmont  slopes,  whose  rate  of  growth  would  diminish  or  even  cease 
upon  a  return  to  less  rigorous  winters.  The  effects  of  increased 
cold  in  many  cases  may,  therefore,  disturb  the  balance  of  erosion 
to  transportation,  in  the  same  way  as  a  change  toward  more  marked 
aridity  without  increased  cold. 

The  Gila  conglomerate  of  Arizona.^ — As  an  example  of  a  Pleistocene 
formation  which  it  was  thought  might  be  due  to  some  such  cause, 
the  writer  has  examined  the  literature  on  the  Gila  conglomerate  of 
Arizona,  a  formation  now  dissected  in  many  places  to  the  depth  of  a 
thousand  feet  and  attaining  its  maximum  development  in  the  upper 
portions  of  the  valleys  of  New  Mexico,  Arizona,  and  southern  Cali- 
fornia. The  specific  nature  of  the  climatic  or  tectonic  changes  which 
could  have  residted  in  its  production  does  not  seem  to  have  been 
fully  discussed,  the  only  definite  opinion  expressed  being  that  of 
Lee  that  in  so  far  as  climate  was  a  factor  in  the  accumulation  of  this 
upland  dfl>ris  in  southern  California  and  Arizona,  it  was  in  the 
nature  of  a  desiccation.*  Others  consider  that  their  Pleistocene  age 
and  the  finding  in  New  Mexico  of  contemporaneous  elephant,  horse, 
and  tapir  bones  are  an  indication  of  the  accumulation  of  similar 
New  Mexican  deposits  during  an  epoch  of  moist  climate  in  the  early 
Pleistocene.^ 

An  examination  of  the  literature  showed  that  the  relations  of  the 
two  divisions  of  the  Gila  conglomerate,  the  volumes  and  relative 

>  The  writer  hopes  to  publish  a  fuller  discussion  of  this  subject  than  can  be  given 
here. 

«  "Underground  Waters  of  Salt  River  Valley,  Arizona,"  Water  Supply  and  Irri- 
gaiion  Paper  No.  Ij6,  U.  S.  Geological  Survey,  1905,  p.  115. 

3  George  B.  Richardson,  Science^  New  Series,  Vol.  XXV,  1907,  p.  32. 
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ages  of  each,  corresponded  with  the  two  epochs  of  glaciation  which 
were  pronounced  in  Utah  and  Nevada  and  the  two  periods  of  expan- 
sion of  Lakes  Bonneville  and  Lahontan.  This  taken  in  consideration 
with  the  place  of  deposit  of  the  gravels,  in  the  upper  portions  of  the 
river  valleys,  leads  to  the  view  that  the  Gila  conglomerate  originated 
from  an  increase  in  the  ratio  of  erosion  to  transportation,  due  to  the 
severe  cold  and*  consequent  frost  action  of  the  glacial  times,  without 
a  correspondingly  large  increase,  in  this  arid  region,  of  precipitation. 
The  ultimate  cause  of  the  accumulation  under  this  view  was  greater 
cold  and  not  a  desiccation,  since  the  precipitation  was  doubtless 
somewhat  increased  as  shown  by  the  manunalian  bones.  Any 
conclusion  in  regard  to  the  exact  cause  and  correlation  is,  however, 
of  minor  importance  in  comparison  with  the  broader  one  that  the 
deposit  is  due  to  climatic  causes  rather  than  those  of  a  local  or 
regional  tectonic  nature.  If  thk  conclusion  be  well  founded  it  is 
seen  that  in  this  desert  region  with  mountainous  topography  climatic 
changes  have  been  a  sufficient  cause  to  result  in  the  laying-down  over 
wide  areas  adjacent  to  the  higher  moimtains  of  a  conglomerate 
formation  largely  over  a  thousand  feet  in  thickness,  justifying  the 
statement  that  climatic  changes  may  result  in  sedimentary  formations 
as  important  as  those  due  to  tectonic  or  oceanic  causes. 

Effects  of  increased  cold  on  snowfall  and  erosion. — In  regions  where, 
the  increased  cold  results  in  the  precipitation  of  snow  which  previously 
had  fallen  as  rain,  frost  action  and  also  chemical  action  may  not  be 
increased,  and  the  chief  results  of  the  spring  floods  resulting  from  the 
melting  snow  may  be  an  increase  of  transportative  power.  The 
protecting  power  of  snow  against  both  disintegrating  and  decom- 
posing agencies  has  been  cited  by  Salisbury  as  probably  contributing 
to  the  fresh  and  unweathered  appearance  of  the  Wisconsin  drift  of 
the  Bighorn  Mountains  when  compared  with  that  of  the  continental 
interior.' 

In  mountainous  regions  such  as  the  Sierras,  where  the  snowfall 
is  markedly  greater  at  the  higher  elevations,  the  floods  produced  by 
the  spring  melting  are  not  proportionately  augmented  upon  reaching 
the  lowlands,  and  deposition  of  the  excess  load  is  to  be  expected 

»  Geology  of  the  Bighorn  Mountains ^  Professional  Paper  51,  U.  S.  Geological  Sur- 
vey, 1906,  p.  87. 
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upon  the  piedmont  slopes.  The  same  is  found  to  be  true  on  the 
eastern  slopes  of  the  southern  Andes  on  portions  of  which  aggradation 
is  now  in  active  progress.  An  increased  snowfall  without  actual 
gkciation,  especially  if  it  takes  the  place  of  w^hat  had  previously 
fallen  as  rain,  may  therefore  result  in  the  waste  being  carried  farther 
before  deposition,  accompanied  by  a  dissection  of  the  upper  portion 
of  the  piedmont  slope,  the  results  being  opposite  to  those  of  increased 
frost  action.  In  regions  of  less  elevation,  however,  the  rainfall  and 
snowfall  are  nearly  the  same  upon  upland  and  lowland,  the  volumes 
of  the  streams  are  increased  as  they  flow  toward  the  sea,  the  sediment 
once  picked  up  is  carried  through  by  the  river,  and  as  a  result  of 
increased  snowfall  an  increased  erosion  may  take  place  without  the 
tendency  to  aggradation  in  the  middle  portions  of  the  streams.  Such 
an  eflFect  is  in  many  ways  equivalent  to  a  change  toward  a  more  volumi- 
nous or  at  least  more  concentrated  regional  rainfall.  In  the  preceding 
statements  snow  and  frost  action  have  been  considered  separately. 
In  nature,  however,  there  may  be  various  combinations  of  these 
agencies.  Increased  cold  may  lessen  the  hold  of  the  vegetation  on 
the  soil,  the  latter,  saturated  in  the  spring  with  snow  water,  may  be 
more  rapidly  removed,  and  an  opportunity  be  given  for  increased 
frost  action.  Consequently,  while  a  greater  amount  of  sediment 
may  be  carried  through  to  the  lower  portions  of  the  river  system, 
aggradation  may  yet  take  place  to  some  extent  in  the  upper  portions. 
Some  such  change  of  relations  seems  to  have  occurred  during  glacial 
times  over  certain  regions  outside  of  the  limits  of  glaciation,  since 
terraces  and  fans  of  glacial  age  characterize  the  upper  portions  of 
many  river  systems.  These  conditions  find  their  maximum  develop- 
ment at  the  present  time  in  the  subglacial  polar  or  mountain  climates. 
The  subject  has  been  discussed  by  J.  G.  Andersson,'  who  shows 
that  the  regolith,  becoming  saturated  with  snow  water,  creeps  slowly 
but  bodily  down  even  the  gentler  slopes.  The  production  of  new 
waste  is  chiefly  dependent  upon  frost  action ;  so  that  the  two  results 
of  a  lowering  of  temperature  co-operate  and  it  is  not  practicable  dearly 
to  separate  them.  The  Gila  conglomerate,  however,  on  account  of 
the  short  distance  which  the  bulk  of  the  material  was  trans[X)rted, 

«  "Solifluction,  a  Component  of  Subaerial  Denudation,"  Journal  of  Geology ^ 
Vol.  XIV,  1906,  pp.  91-112. 
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and  the  lack  of  evidence  of  hi^ly  increased  precipitation  at  the  time 
would  seem  to  be  due  more  largely  to  frost  action. 

In  conclusion  it  would  appear  that  where  the  chief  eflFect  of  increased 
cold  is  an  increase  of  snowfall  the  change  results  in  an  increase  in  the 
ratio  of  transportation  to  erosion,  extending  to  the  limits  of  such 
increased  snowfall,  and  not  as  in  the  case  of  increased  frost  action  to 
an  increase  of  erosion  over  transportatbn.  The  absolute  value  of 
both  erosion  and  transportation  may  increase  in  both  cases. 

EFFECTS  OF  INCREASED  HEAT  ON  ROCK  DISINTEGRATION   AND 

DECAY 

It  is  seen  that  rock  disintegration  or  physical  weathering  is  at  a 
maximum  in  regions  of  exposed  rock  surfaces,  while  rock  decay  is 
pronounced,  on  the  contrary,  where  the  solid  rock  is  protected  from 
physical  changes  by  the  interposition  of  a  layer  of  soil.  The  former 
conditions  of  bare  surfaces  are  found  in  mountainous  regions,  where 
the  steep  slopes  prevent  the  retention  of  soil;  or  in  the  deserts,  where 
the  absence  of  ground-water  prevents  either  the  formation  of  an 
effective  vegetable  covering  or  the  carrying-forward  of  the  chemical 
processes  of  rock  decay.  The  contrary  conditions  of  soil-mantled 
surface  exist  where  the  slopes  are  moderate  or  the  presence  of  ground- 
water gives  rise  to  a  vegetable  covering  suflScient  to  hold  the  soil  and 
diminish  erosion  of  its  upper  surface  to  a  rate  equal  to  that  at  which 
decay  contributes  to  the  lower  strata  of  the  soil.  In  a  climate  where 
rock  decay  operates  strongly  there  thus  arises  a  very  deep  soil,  partially 
protecting  the  deeply  buried  solid  rock  from  further  decomposition  and 
slowing  down  the  rate  of  decay  till  it  equals  the  rate  of  surface  ablation, 
hindered  in  turn  by  the  luxuriant  vegetation  also  existing  in  such  a 
region.  Both  the  topographic  and  climatic  factors  are  thus  seen  to 
be  fundamental  in  the  result.  Under  the  present  topic  it  is  desired 
to  note  what  efifects  a  climatic  variation  toward  an  increase  of  tem- 
perature will  have  upon  these  processes  of  physical  and  chemical 
rock  destruction  which  necessarily  precede  subaerial  denudation  and 
are  the  supplying  agents  for  the  diverse  materials  of  sedimentary 
formations. 

Effects  on  rock  disintegration, — ^To  produce  rock  disintegration  a 
high  temperature  is  not  necessary  but  diurnal  or  hourly  variations 
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of  temperature  must  occur,  and  the  eflfccts  will  be  proportional  to  the 
magnitude  and  rapidity  of  these  changes.  As  causes  tending  to 
magnify  these  ra,pid  temperature  variations  may  be  cited:  first,  a 
short  transmission  of  the  sun's  rays  through  the  atmosphere,  implying 
a  thin  atmosphere  as  found  on  mountains  and  high  plateaus  or  a  high 
altitude  of  the  sun;  second,  surfaces  at  right  angles  or  nearly  so  to 
the  sun's  rays;  third,  a  lack  of  clouds  or  of  water  vapor  and  to  a 
lesser  extent  a  lack  of  carbon  dioxide  in  the  atmosphere,  the  former 
characteristic  of  continental  interiors,  the  latter  of  certain  geological 
epochs;  fourth,  a  high  value  of  the  solar  radiation  will  increase  the 
disintegrative  effects  by  producing  more  rapid  heating  and,  as  a 
result  of  the  higher  surface  temperatures  attained,  a  more  rapid 
cooling  when  the  rock  siuface  passes  into  shade.  Sudden  dashes  of 
rain,  such  as  are  characteristic  of  arid  and  semiarid  regions,  also 
operate  as  a  powerful  cause  of  rock  disintegration. 

To  take  up  these  in  order:  Angot  has  shown  that,  although  at 
the  summer  solstice  the  quantity  of  heat  received  per  day  at  the  ix)les 
is  greater  than  at  the  equator,  if  o. 2  of  the  solar  radiation  is  absorbed 
by  passing  vertically  through  the  atmosphere,  then  at  the  poles  less 
reaches  the  surface  of  the  ground  than  at  the  equator.'  The  con- 
stancy of  the  polar  daylight  at  the  solstice  tends  also  to  prevent  rapid 
temperature  changes. 

The  daily  maximum  insolation  of  the  surface  is  found  to  be  not  far 
from  a  constant  quantity  up  to  lat.  60,  with  a  maximum  at  from  30 
to  40  degrees.  In  the  higher  latitudes,  however,  this  maximum  insola- 
tion occurring  at  the  summer  solstice  lasts  for  but  a  short  time,  sinking 
in  the  winter  to  an  insignificant  quantity.  It  may  be  stated  then  on 
theoretical  grounds  that,  other  conditions  being  favorable,  thermal 
disintegration  may  operate  strongly  to  the  limits  of  the  polar  zones,  but 
that  the  aggregate  effect  varies  approximately  with  the  latitude, 
reaching  a  maximum  at  the  equator  and  disappearing  as  an  important 
factor  on  the  polar  circles. 

Mountain  elevations  exert  an  influence  upon  insolation  as  impor- 
tant as  latitude,  a  marked  difference  being  noted  between  the  air  and 

'Alfred  Angot,  "Rechcrches  th^r^tiques  sur  la  distribution  de  la  chaleur  2l  la 
surface  du  Globe,"  Ann.  bur.  central  met.  de  France^  Tome  I,  1883,  Paris,  1885, 
B  121-B  169. 
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ground  temperatures,  the  intensity  of  solar  radiatbn  being  26  per 
cent,  greater  on  the  summit  of  Mount  Blanc  than  at  Paris.'  Steep 
rock  faces  favoring  perpendicular  action  by  the  sim  become  of  increas- 
ing influence  in  the  higher  portions  of  the  temperate  zones  and  may  even 
in  the  arctic,  as  in  Greenland,  give  a  local  importance  to  insolation  as 
a  cause  of  rock  destruction,  von  Drygalski  having  observed  a  tempera- 
ture difference  of  20°  C.  between  the  air  and  rock  surface.* 

In  regard  to  the  influence  of  atmos^eric  composition,  it  is  known 
that  water  vapor  is  the  most  efficient  absorbing  medium  of  the  solar 
heat  and  also  prevents  the  rapid  re-radiation  of  that  part  absorbed 
by  the  earth's  surface,  preventing  by  both  means  hi^  temperature 
differences.  Clouds  also  act  both  by  preventing  solar  radiation  from 
reaching  the  ground  and  checking  the  escape  of  that  already  absorbed. 
These  direct  effects,  taken  also  in  connection  with  the  indirect  effects 
of  the  presence  of  water  through  vegetation,  limit  insolation  as  a  mode 
of  rock  destruction  to  mountain  and  desert  re^ns. 

Finally,  in  considering  the  geological  relations  of  climates  to 
erosion,  possible  variations  of  the  solar  constant  of  radiation  must  be 
considered,  an  increased  intensity  of  radiation,  as  previously  pointed 
out,  increasing  insolative  rock  disintegration,  but  only  within  the 
limits  given  by  the  other  conditions.  The  chief  effects  of  such  solar 
variation  would  therefore  be  indirect,  by  changing  the  vapor  content 
and  cloudiness  of  the  atmosphere,  both  in  geographic  location  and 
amount.  There  are  strong  reasons  for  believing,  though  perhaps 
hardly  yet  demonstrated,  that  an  increase  in  solar  radiation  would 
result  not  only  in  a  slight  increase  in  the  mean  annual  temperature 
of  the  earth  but  also  in  areal  increase  of  those  portions  of  continental 
interiors  subject  to  arid  and  subarid  climates.  At  the  same  time  it 
is  probable  that  an  expansion  of  the  trade-wind  belts  into  somewhat 
higher  latitudes  would  occur.  Certain  other  regions  would  also  be 
marked  by  heavier  rainfalls.  On  the  whole,  the  result  would  be  an. 
accentuation  of  climates  and  a  marked  increase  in  insolation  as  a 
cause  of  rock  disintegration. 

In  conclusion,  it  is  seen  that  the  control  of  insolative  rock  disin- 
tegration is  largely  geographic,  being  favored  in  past  times  by  increase 

I  Julius  Hann,  Handbook  oj  Climatologyy  transl.  by  R.  de  C  Ward,  p.  333. 
a  Verdhdltniss  GeschichU  far  Erdkunde,  Berlin,  1891,  p.  457. 
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of  area  and  iinification  of  the  coatinental  surfaces,  giving  rise  to  largely 
increased  areas  of  continental  climates.  The  indirect  action  of  the 
sun,  however,  as  just  pointed  out,  is  probably  an  equally  potent  factor. 

According  to  Murray,  one-fifth  of  the  land  surface  is  now  desert, 
having  no  drainage  to  the  sea.'  Over  this  region  insolation  and 
eolian  abrasion  are  the  chief  modes  of  rock  destruction.  It  may  wtll 
have  happened  that  in  past  times  of  wide  epicontinental  seas  with 
moist  atmospheres  and  world-wide  equable  climates,  or  in  times  of 
cold  and  glaciation,  insolation  may  have  sunk  to  half  its  present 
importance  as  a  mode  of  rock  destruction.  On  the  other  hand, 
times  of  broadened  land  areas,  especially  if  occmring  simultaneously 
with  hi^  solar  radiation,  may  have  increased  the  desert  areas  beyond 
their  present  extent,  or  at  least  shifted  their  limits  into  higher  latitudes, 
giving  rise  to  peculiar  characteristics,  such  as  distinguish  particularly 
the  Triassic  formations. 

The  first  factor  in  the  acquisition  of  any  such  distinctive  characters 
of  sediments  must  depend  upon  the  mode  by  which  the  parent  rock 
masses  are  destroyed.  In  this  respect  frost  action  and  insolation  act 
alike,  producing  rock  disintegration  without  rock  decay,  both  most 
efficient  in  regions  without  heavy  precipitation  and  accentuated  by 
climatic  movements  away  from  a  temperate  condition,  but  in  opposite 
directions.  The  subsequent  effects  of  these  opposite  climates  upon 
the  sediments  are,  however,  widely  different,  as  will  be  made  evident 
on  other  pages. 

A  conclusion  of  some  stratigraphic  importance  is  that,  if  the  Gila 
conglomerate  has  been  correctly  interpreted,  it  is  seen  that  in  desert 
mountains  strongly  increased  frost  action  with  slightly  decreased 
insolation  of  ^cial  times  is  more  effective  in  supplying  waste  than 
the  present  sli^tly  increased  insolation  with  much  weakened  frost 
action. 

Effects  of  increased  heal  on  rock  decay. — Rock  decay  implies  the 
presence  of  water,  since  it  is  only  in  its  presence  that  not  only  hydration 
but  carbonation  and  oxidation  of  mineral  substances  can  take  place. 
The  problem,  then,  is  in  regard  to  the  influence  of  temperature  in 
promoting  rock  decay  in  regions  of  moist  climate.  In  regard  to  this 
von  Richthofen  is  one  of  the  first  to  observe  that — 

«  "Origin  and  Character  of  the  Sahara,"  Science,  Vol.  XVI  (1890),  p.  106. 
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weathering  in  fact  becomes  in  large  measure  a  climatic  phenomenon.  In  moist 
and  hot  regions  it  b  accomplished  easily  and  rapidly;  in  hot  and  dry  regions 
it  seems  to  play  an  unimportant  part,  and  where  hi|^  degrees  of  cold  prevail 
even  an  abundance  of  water  is  unable  to  produce  it  in  any  but  an  insignificant 
amount.  Beneath  the  ever-moist  moss  cushions  of  Finland  and  the  northern  Ural, 
granite  shows  imdecomposed  surfaces.' 

Russell,  from  observations  in  the  southern  hemisphere,  reaches  the 
same  conclusions,  his  statements  being  as  follows: 

I  may  remark  from  observation  that  in  the  Kerguelen  and  Crozet  Islands, 
in  the  South  Indian  Ocean,  where  a  cold,  humid  climate  prevails,  and  where  not 
only  forests  but  arborescent  growths  of  every  description  are  wanting,  there  is 
but  little  soil,  and  nothing  approaching  terra  rossa  is  to  be  seen.  These  islands 
are  formed,  probably  throughout,  of  dark  basaltic  rocks,  rich  in  iron,  which  imder 
more  favorable  conditions  would  yield  a  deep  layer  of  ferruginous  soil.  Con- 
trast with  the  Kerguelen  Islands  others  of  similar  origin  in  the  tropics,  as  the 
Samoan  Islands,  for  example.  On  Kerguelen  the  highest  vegetation  is  a  bitter 
cabbage  which  grows  mostly  in  sheltered  places  along  the  coast,  where  it  is  sur- 
roimded  with  matted  ferns  and  tussocks  of  moss.  The  landscape,  even  on  the 
exceptional  days  of  sunshine,  is  dark,  silent,  and  g^my.  Among  navigators 
this  island  is  called,  not  unjustly,  the  ''Land  of  Desolation."  In  the  Samoan 
Islands  the  rank  luxuriance  of  tropical  vegetation  imparts  to  the  land  when 
seen  from  the  ocean  the  deep  tint  of  malachite.  Wherever  the  bare  earth  appears 
it  gleams  forth  through  the  overshadowing  boughs  with  a  brilliancy  that  is  en- 
hanced by  contrast  and  gives  a  dash  of  Pompeian  red  to  the  picture  of  tropical 
beauty.  The  soil  is  deep  and  rich,  and,  as  in  Bermuda,  must  have  been  derived 
entirely  from  the  decay  of  the  rocks  forming  the  islands,  which  in  this  case,  how- 
ever, are  basaltic,  and  agree  in  many  ways  with  the  rocks  forming  the  Kerguelen 
Islands. 

The  contrast  between  the  present  condition  of  the  Kerguelen  Islands  and 
that  of  the  Samoan  Islands  has  resulted  from  differences  in  climatic  conditions. 
This  conclusion  would  have  to  be  modified,  perhaps,  should  it  be  found  that  the 
former  had  recently  been  glaciated.  There  are  abimdant  observations  to  show, 
however,  that,  in  general,  islands  below  latitude  50*^  south,  where  winter  is  ahnost 
continuous,  are  desolate,  uninhabitable  wilds,  and  that  forty  degrees  nearer  the 
equator,  where  perpetual  summer  reigns,  lands  formed  of  neariy  identical  rock 
have  suffered  deep  decay  and  are  covered  with  a  rich  ferruginous  soil,  which 
supports  a  varied  and  luxuriant  tropical  flora." 

That  rock  decay  may  take  place  to  some  extent  in  cold  climates  and 
is  frequently  absent  because  of  glacialion  is  indicated  by  the  observa- 

»  FUhrer  far  Forschungsreisendct  Berlin,  1886,  p.  100. 

"  Subaerial  Decay  oj  Rocks  and  Origin  of  the  Red  Color  of  Certain  Formations^ 
52,  U.  S.  Geological  Survey,  pp.  30,  31,  1889. 
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tions  of  Chamberlin  in  Greenland  and  of  others  in  Alaska  cited  by 
Merrill.*  Observation  and  theory  combine,  however,  in  pointing 
to  the  greater  dominance  of  the  forces  of  rock  decay  in  warmer  pluvial 
climates  and  especially  in  the  rainy  portion  of  the  torrid  zone,  the 
natural  activity  of  the  warmer  waters  being  further  increased  by  the 
organic  acids  supplied  by  the  large  amount  of  decaying  vegetable 
matter,  giving  rise  to  a  mantle  of  rock  waste  of  maximum  thickness, 
thoroughly  hydrated  and  leached  by  the  heavy  periodic  rains,  and 
thoroughly  oxidized  by  the  intervening  seasons  of  dryness.  The  result 
is  the  formation  of  the  red  or  pink  laterite  soils  of  the  tropics,  and 
the  characteristic  red  alluvium  of  the  rivers,'  alluvium  poor  in  soluble 
constituents.^ 

The  eflFect  of  moderate  cold,  such  as  characterizes  the  winters  of 
the  middle  temperate  zone,  appears  to  have  slight  effect  upon  the 
erosion  of  regions  in  topographic  maturity,  save  that  the  melting  of 
the  winter's  snow  gives  a  temporarily  higher  flood  and  greater  erosive 
power  than  would  otherwise  occur.  The  summer's  heat  being  less 
prolonged  and  intense,  gives  rise  also  to  less  intense  oxidation  of  the 
soil  and  less  dehydration  of  the  iron  oxide,  yellows  and  browns  prevail- 
ing as  soil  colors  and  yellows  or  grays  characterizing  the  river  silts  in 
place  of  the  browns  or  reds  of  tropical  rivers. 

In  conclusion,  therefore,  it  may  be  stated  that  an  increase  of  tem- 
perature away  from  a  temperate  mean  in  regions  of  heavy  rainfall 
will  result  in  increased  rock  decay  and  decreased  frost  action,  and  in  the 
opposite  characteristics  in  the  case  of  a  temperature  decrease.  Either 
variation  away  from  a  climatic  mean  would  therefore  result  in  an 
increase  of  rock  destruction,  but  of  opposite  kinds.  It  is  not  known, 
however,  but  that  in  the  case  of  an  increase  of  tempcratiure  with  an 
abundant  rainfall  the  hold  of  the  vegetation  upon  the  soil  may  be 
increased  to  such  an  extent  as  to  neutralize  the  tendency  toward 
more  rapid  production  of  rock  waste  by  decay.  A  close  comparative 
study  of  valley  forms  of  similar  age  in  the  middle  and  southern 
Appalachian  states  in  similar  rocks  would  tend  to  throw  light  on 
this  problem  and  show  if  erosion  as  distinguished  from  rock  decay 

«  Rocks,  Rock-weathering,  and  Soils,  1897,  pp.  278,  279. 
•  Walthcr,  Einleiiung  in  die  Geologie,  p.  815. 
3  HUgard,  Soils,  igo6,  chap.  xxL 
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is  faster  in  the  warmer  or  cooler  climate.  In  any  case,  it  is  evident 
from  the  preceding  discussion  that  a  series  of  climatic  oscillations 
involving  merely  temperature  changes  would  find  record  in  the  varying 
kind  and  rate  of  erosion  and  consequent  sedimentation  in  regbns 
either  where  this  climatic  change  was  between  cold  and  temperate 
or  between  temperate  and  torrid  limits. 

Separation  of  the  Topographic  and  Climatic  Factors 

As  previously  stated,  under  the  relations  of  rainfall  and  topography 
to  erosion,  young,  mountainous  topography  not  only  gives  rise  to 
rapid  erosion,  but  accentuates  climatic  contrasts,  so  that  a  marked 
distinction  may  still  have  opportunity  to  become  developed  between 
the  products  of  erosion  of  humid  and  arid  mountain  regions.  The 
extent  to  which  this  is  true  may  be  seen  by  comparing  the  alluvium 
of  the  Rio  Grande  with  that  of  the  Missouri-Mississippi  system,  where 
in  silts  of  the  same  degree  of  fineness  that  from  the  arid  regbn  shows 
a  much  higher  ratio  of  soluble  constituents.'  The  researches  of  the 
geologists  of  India  indicate  the  same  contrast  between  the  alluvium 
of  the  Indo-Gangetic  plain  and  that  of  the  Brahmapootra  in  southern 
Assam.'  In  these  examples  the  material  is  derived  from  regions  of 
high  relief  and  rapid  erosion.  Gravels  or  cobbles  may  be  deposited 
under  such  circumstances  nearer  the  soiurces,  but  the  production  of 
the  conglomerate  has  involved  initial  rock-breaking  and  the  produc- 
tion of  a  considerable  quantity  of  fine  material  which  may  occur  as  a 
matrix  or  as  separate  deposits  of  clay  or  silt.  These  finer  materials, 
as  stated,  have  distinctive  characters  in  each  strongly  marked  climatic 
province. 

It  is  concluded,  therefore,  that  an  examination  of  the  character 
of  the  matrix  or  associated  fine  beds  is  of  importance  in  determining 
the  climatic  conditions  attending  the  origin  of  a  terrestrial  conglomerate 
or  sandstone.  This  conclusion  may  be  illustrated  by  contrasting 
the  red  sandstones  and  shales,  occasionally  conglomeratic,  of  the 
Connecticut  Valley,  with  the  predominantly  gray  conglomerates 
and  black  shales  of  the  Carboniferous  basin  of  Rhode  Island;  the 
two  regions  being  separated  by  less  than  fifty  miles,  and  both  contain- 
ing sediments  of  rather  local  origin.    There  are  strong  evidences  in 

X  Hilgard,  Soils,  1906,  pp.  368,  378.        '  Hilgard,  op.  cU,,  p.  413. 


r 

I 

f  CLIMATE  AND  TERRESTRIAL  DEPOSITS  183 

each  case  indicating  subaerial  origin,  much  of  which  however  is  not 
published.  The  dominant  red  color  of  the  whole  of  the  Triassic 
formation,  considered  in  connection  with  its  feldspathic  sandstones 
indicative  of  the  kind  of  erosion,  mud-cracked  shales,  disseminated 
gypsum,  and  calcite,  indicative  of  conditions  of  sedimentation,  point 
on  the  one  hand  to  a  subarid  climate,  while  the  carbonaceous  and 
leached  shales  of  the  Rhode  Island  coal  measures  indicate  a  climate 
markedly  pluvial  and  cooL  It  is  to  be  noted  that  in  the  Rhode  Island 
basin  arkose  conglomerates  of  local  origin  grade  into  carbonaceous 
shales.'  The  congbmerates  are  extremely  abundant  and  except 
in  the  Wamsutta  red  beds  possess  a  light-gray  matrix,  while  the  shales 
are  usually  darker  in  color.  Thus  the  conclusion  previously  stated 
is  emphasized,  that  in  humid  climates,  even  in  regions  of  rapid  denuda- 
tion and  deposit,  the  finer  materials  eroded  will  show  greater  decom- 
position and  leaching  than  material  of  similar  fineness,  even  when 
derived  more  slowly  from  the  erosion  of  surfaces  of  moderate  relief 
in  arid  climates.  The  character  of  the  fine  fluviatile  or  wash  detritus 
in  the  region  of  its  origin  may,  therefore,  be  taken  as  an  index  of 
climate.  The  size  or  abundance  of  the  coarser  material  on  the 
other  hand  forms  a  measure  of  the  rapidity  of  erosion,  and  roughly 
of  the  degree  of  topographic  relief.  Where  the  matrix  or  the  form 
of  the  cobbles  indicates,  in  association  with  other  evidence,  the  presence 
of  arid  or  cold  climates,  however,  disintegration  dominates  over 
decomposition,  and  conglomerates  in  the  region  of  erosion  must  be 
correspondingly  coarser  and  more  abundant  to  indicate  the  same 
relief  as  that  of  a  more  rainy  region.  In  rivers  suflSciently  large  so 
that  the  erosion  and  deposition  occur  in  different  climatic  zones  only 
the  finer  debris  will  reach  the  delta.  The  chief  effect  of  rugged  topog- 
raphy in  that  case  is  found  in  the  quantity  of  sediment  and,  as  wUl 
be  further  discussed  in  Part  III  imder  the  topic  of  the  "  Effects  of 
Fhiv&itile  Transportation,"  the  evidence  as  to  the  climate  of  the  Q 
saucre  becomes  more  obscure  the  farther  the  alluvium  is  carried.  ^Lr^ 
Separation  of  Tectonic  and  Climatic  Oscillations  ^f^ 
A  full  discussion  of  this  topic  involves  the  effects  of  tectonic  and 
climatic  movements  upon  both  transportation  and  deposition  as  well 

>  A.  S.  Packard,  "Vkw  of  the  Carboniferous  Fauna  of  the  Narragansett  Basin," 
Proctidings  of  tks  Ammean  Academy,  VoL  XXXV,  1900,  p.  405. 
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^  ^:t^x^  ^^'jy^m  -rri-r   c*^  r*s3ei  b  isiir  ioDoviDg  chapters. 
A  "jkzi^aL  y.i.V'^'yrr,  ii  %  fir  is  s^qsobi  k  ioFolred.  mj,  however, 

I:  be.?  V£?t!i  s«^?t!i  ^'-.l:  -frTarv  -miiiioos  aie  potent  causes  of 
ciAZ:^^  Vici  ii  iTit  i^bEccf  Tti*  €C  CDsioB  and  m  the  ntio  <rf  erosion 
%  ■±it  ::r::t^  r==i:TEX  :bt  -wiste-  Whie  erosion  k  dependent  for 
Ti  tx3sc-t=i:%:  ::i«:c  ±±21  j£Occk  =xyv«xiai:s.  it  has  been  seen  that 
rs  TLTTZix  rzic  k  2^  •acyr^yvr:  T:poo  rifnatir  Tariations  as  upon 
tbdse  zoixoiirj  crsscal  aoi^Knesis  or  viiidi  occur  further  uidift 
or  oe^r-t?*xc  or  csonioo- 

Crreria  :c3r  'ise  dsciactioc  of  these  tectonic  and  dnnatic  factors 
are  c^'Zsatri  br  D&vis.  in  so  far  as  erogim  at  the  headwaters  and 
aggrac^:ioc  oL  ibe  riSidk  slopes  are  aMKcmed.  and  the  conclusion  is 
Tt2Lchtii  that  in  eer^ral  the  terracing  in  Central  Turkestan  seems  to 
be  due  to  dimatk;  variation.^  The  recognition  of  the  importance 
of  climate  in  building  river  terraces  is  in  fact  a  feature  in  this  volume 
in  YxAh  the  papers  of  Da^is  and  Huntington.  It  is  only  necessary 
in  consequence  to  summarize  briedy  certain  points  which  distinguish 
the  upstream  terraces  built  as  a  resiilt  of  climatic  from  those  formed 
b\'  tc-ctonic  oscillations.  First,  the  development  of  terraces  on  the 
upjxT  portions  of  the  streams,  terraces  which  die  out  lower  down  in 
the  valleys.  impUc-s  a  change  in  the  stream  gradients  not  due  to  a 
raising  or  lowering  of  the  mouth.  Regional  uplift  or  depression  is 
excluded  in  this  way.  Such  a  change  in  gradient  in  the  upper  portion 
of  a  stream  may  be  due  to  a  local  uplift,  to  a  regional  warping  or  a 
change  in  the  ratio  of  erosion  to  transportation  brou^t  about  by  a 
climatic  change.  Second,  the  universality  of  an  epoch  of  aggradation 
or  degradation  in  all  of  the  streams  of  a  region  is  a  strong  indication 
of  a  climatic  change,  since,  as  Davis  has  noted,  the  crustal  bendings 
necessary  to  rejuvenate  all  streams  flowing  in  various  directions  and 
finally  frequently  to  bring  them  back  to  the  initial  profile  would  be 
extremely  complicated  and  involve  an  adjustment  of  subsurface 
m<)v<*ment  to  detailed  surface  form  such  as  is  not  known  to  occiu"  and 
is  in  fact  unthinkable.  Although  a  general  similarity  in  the  action  of 
various  streams  would  be  expected  to  occur  as  a  result  of  climatic 

«  Hxf^hraiitms  in  Turkestan,  Publications  of  the  Carnegie  Institution,  Na  a6, 
1905,  p.  303. 
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change,  this  could  not  be  carried  down  to  all  details;  since  it  is  seen, 
for  instance,  that  in  Arizona,  Queen  Creek  at  the  present  time  begins 
to  deposit  sediment  immediately  upon  leaving  the  mountains,  while 
the  much  larger  Gila  flowing  parallel  and  but  eleven  miles  to  the  south 
flows  through  the  plain  as  far  as  Florence  in  a  well-marked  valley. 
In  this  respect  it  is  to  be  expected  that  various  streams  will  behave 
somewhat  after  the  manner  of  glaciers,  where  each  responds  in  its 
own  time  and  to  varying  degrees  to  periods  of  increased  or  decreased 
precipitation  of  snow.  Third,  while  extremely  contrasted  climates 
may  leave  many  distinctive  marks  in  the  character  of  the  matrix  of 
even  locally  transported  materials,  as  shown  in  the  contrast  of  the 
Carboniferous  of  Rhode  Island  to  the  Triassic  of  Connecticut,  minor 
climatic  fluctuations  cannot  be  expected  to  be  so  recorded.  As  evidence 
of  such  variations,  therefore,  distiurbance  of  the  stream  gradient  and 
changes  in  the  coarseness  of  the  detritus  must  be  looked  for. 

CONCLUSIONS  ON  RELATIONS  OF  CLIMATE  AND  EROSION 

The  relative  rates  of  erosion  in  desert,  tropical,  and  polar  climates 
is  a  subject  upon  which  there  is  much  diversity  of  opinion,  as  Merrill 
has  shown.'  The  difficulties  are  largely  due  to  the  differences  in 
kind  of  erosion  between  hot  and  cold,  and  arid  and  rainy  climates. 
The  usual  geographic  remoteness  of  these  extreme  types  from  each 
other  further  increases  the  difficulty.  Doubtful  conclusions  have 
also  sometimes  been  founded  upon  the  quantities  of  rock  waste 
present,  it  being  assumed  that  where  rock  is  deeply  decayed,  as  in 
the  rainy  belts  of  the  tropics,  it  now  weathers  and  erodes  rapidly, 
whereas,  on  the  contrary,  the  deep  regolith  may  check  further  decay 
and  the  matted  vegetation  retard  the  erosion  of  the  surface.  Or  a 
traveler  may  be  impressed  with  the  naked  mountains  and  waste- 
filled  valleys  of  a  desert  region  and  conclude  that  here  rock  destruc- 
tion progresses  more  rapidly  than  elsewhere  on  the  earth. 

A  more  satisfactory  method  than  that  of  founding  conclusions  on 
quantitative  estimates  from  a  few  unlike  localities  is  to  compare  the 
decay  and  erosion  of  imlike  climates  not  with  each  other  but  with  a 
third  term.  For  example,  the  subaerial  erosion  of  arid  and  rainy 
regions  may  be  compared  with  ti|e  marine  erosion  of  their  coasts,  a 

<  Rocks,  Roek'W$aihenng,  and  SoOsMo^pp.  378-85. 
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common  third  term,  while  the  influence  of  warm  and  cold  climates  upon 
erosion  may  be  studied  by  comparing  the  crosional  rate  of  glacial 
times  with  that  of  the  same  regions  at  present,  here,  the  common 
third  term  being  the  topography.  This  has  already  been  done  under 
the  topic  of  the  effects  of  increased  cold. 

Turning  to  the  ratio  of  erosion  in  arid  and  rainy  climates,  as 
compared  with  marine  denudation,  it  must  be  noted  that  a  conclusion 
should  be  founded  on  the  average  of  many  instances  rather  than 
on  a  few,  since  in  each  the  age  of  the  cycle,  the  attitude  and  strength 
of  the  rock  masses,  and  the  strength  of  the  marine  erosion  will  vary- 
The  present  discussion  must  therefore  be  considered  as  merely 
tentative.  Very  diflFerent  views  have  been  developed  in  Great 
Britain  and  the  United  States  as  to  the  marine  or  subaerial  production 
of  uplifted  and  dissected  peneplains  of  Cretaceous  and  Tertiary 
age  which  border  the  continents,  but  the  growth  of  knowledge  in 
regard  to  the  capacity  of  subaerial  denudation  first  in  America  and 
more  recently  in  England  has  given  rise  to  the  belief  that  these  are 
mostly  due  to  subaerial  erosion,  views  confirmed  by  the  application 
of  such  criteria  as  can  be  applied."  In  general  in  rainy  climates  the 
rivers  are  observed  to  sink  rapidly  toward  base  level  upon  an  uplift 
of  the  land,  to  open  out  interior  plains  in  soft  formations,  and  to 
dissect  deeply  the  hard  ones,  while  the  sea,  compelled  to  work  on  the 
outlying  formations  whether  they  be  hard  or  soft,  cuts  inland  over  a 
comparatively  small  area  and  with  increasing  diflSculty.  The  problem 
in  such  climates  is  to  find  good  and  unquestioned  examples  of  elevated 
plains  of  marine  denudation  comparable  to  the  elevated  plains  of 
subaerial  origin. 

Along  the  arid  coasts  of  the  world  very  diflFerent  conditions  are, 
however,  found  to  prevail.     To  cite  examples: 

While  the  Patagonian  plains  have  an  altitude  of  some  three  thousand  feet  at 
the  base  of  the  Andes,  they  slope  very  gently  to  the  eastward,  and  at  a  distance  of 
some  fifty  miles  from  the  Atiantic  coast,  their  elevation  is  more  rapidly  decreased 
by  a  series  of  escarpments  or  terrace-like  slopes,  which  face  to  the  eastward  and 
terminate  a  succession  of  level  plains,  decreasing  in  altitude  as  one  passes  from 
the  interior  to  the  coast  and  finally  ending  in  the  lowermost,  which,  with  an  average 
altitude  of  some  three  hundred  and  fifty  feet,  extends  almost  uninterruptedly  along 

«  W.  M.  Davis,  "Plains  of  Marine  and  Subaerial  Denudation,"  BuUeiin  of  ih$ 
Geological  Society  oj  America,  Vol.  VII,  1895,  pp.  377-98. 
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the  entiTe  eastern  shore,  teiminating  abruptly  in  the  bfty  and  precipitous  cliffs, 
which  for  a  thousand  miles  constitute  the  predominant  feature  of  this  coast. 

In  addition  to  the  characters  described  above,  there  may  be  mentioned  as 
among  the  more  important  features  of  these  plains  a  series  of  deep  transverse 
valleys  that  extend  from  the  Andes  to  the  Atlantic.  These  are  all  true  valleys 
of  erosion,  and  for  the  most  part  they  are  still  occupied  by  considerable  streams.' 

The  prominence  of  these  cliffs  indicates  the  extent  to  which  the 
waves  have  planed  inland,  beginning  a  new  and  lower  cut  upon  each 
uplift  of  the  land.  The  inadequacy  of  subacrial  denudation  in  this 
semiarid  climate,  with  less  than  ten  inches  annual  rainfall,  is  indicated 
by  the  presence,  except  in  the  few  river  valleys,  of  the  shingle  formation 
left  by  the  retreat  of  the  sea  and  the  fact  that  the  large  river  valleys 
are  such  as  derive  their  waters  from  the  Andes.  In  more  rainy  regions 
the  almost  level  and  porous  deposits  left  upon  a  retreat  of  the  sea  also 
resist  rain  erosion  in  the  interstream  areas  for  considerable  periods 
of  time,  but  in  such  regions  there  is  much  local  drainage  and  the 
devebpment  of  a  network  of  valleys  which  upon  a  pronounced  uplift 
permit  a  rapid  erosion. 

Along  the  southwestern  coast  of  Australia  for  a  distance  of  seven 
hundred  miles  the  land  is  terminated  by  a  line  of  cliffs  more  than 
five  hundred  feet  in  height  unbroken  by  any  stream  course  and  facing 
a  shallow  sea  which  in  the  Great  Australian  Bight  extends  to  one 
hundred  and  fifty  miles  from  land  before  attaining  a  depth  of  one 
hundred  fathoms.  The  rainfall  is  here  not  over  ten  inches  per 
year.  Such  lofty  and  unbroken  walls  indicating  the  dominance  of 
marine  over  subaerial  erosion,  it  would  seem  impossible  to  match  in 
more  generously  watered  regions  of  theworld;  such  cliffs  as  those  of 
Norway  and  Scotland  being  cut  through  on  the  contrary  by  valleys  of 
erosion  besides  forming  the  front  of  mountain  regions  and  therefore 
not  necessarily  implying  a  wide  horizontal  cut  for  their  formation. 

The  preceding  discussion  has  turned  upon  the  slowness  of  subaerial 
erosion  in  arid  climates  when  acting  upon  more  or  less  horizontal  and 
dftris-mantled  formations.  An  indication  of  the  relative  slowness 
of  deflation  may  also  be  obtained  from  southern  California  and  its 
adjacent  islands  by  noting  the  remarkable  freshness  of  the  naked 
granite  rocks  and  the  sharpness  of   the  post- Pliocene  elevated   sea- 

s  J.  B.  Hatcher,  Princeton  Patagonia  Expeditions^  Vol.  I,  pp.  314,  215,  1903. 
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cut  cliffs  reaching  an  elevation  on  San  Clemente  of  1,320  feet.  These 
according  to  Lawson  are  the  most  remarkable  and  most  magnificent 
examples  of  this  type  of  topography  which  it  has  ever  been  his  good 
fortune  to  behold.  He  further  remarks  that  such  features  one  might 
expect  to  find  on  a  planet,  which  after  their  formation,  had  become 
stripped  of  its  atmosphere."  Similar  terraces  are  found  on  the  coast  of 
northern  California,  and  Lawson  regards  the  whole  as  due  to  epeiro- 
genic  movement  which  he  considers  as  suflSciently  simultaneous  to 
inaugurate  a  new  geomorphic  cycle  which  is  in  a  nearly  uniform  state 
of  advancement  all  along  the  coast.*  Under,  the  rainy  climate  of  the 
coast  of  northern  California,  but  especially  oT  Oregon,  these  raised 
beaches  are  still  conspicuous;  but  it  is  noteworthy  that  they  have  not 
called  forth  such  descriptions  as  those  of  the  arid  portions  of  the  coast 
line,  while  Diller  speaks  of  the  raised  beaches  of  the  Oregon  coast 
as  being  less  distinct  above  eight  hundred  feet.^ 

It  would  seem  from  the  above  that  on  the  Pacific  Coast  is  an  ideal 
region  for  comparing  the  rates  and  kinds  of  erosion  upon  the  same 
initial  earth  forms,  offering  an  attractive  problem  for  physiographic 
study. 

In  conclusion,  from  the  preceding  r&um^  it  would  appear  that 
an  arid  climate  is  an  important  contributory  factor  in  the  develop- 
ment of  plains  of  marine  denudation,  a  factor  which  so  far  as  the 
writer  is  aware  has  not  previously  entered  into  the  discussion  of  the 
problem  of  the  relative  development  of  plains  of  subaerial  and  marine 
erosion. 

Finally,  from  the  discussions  under  this  and  preceding  topics,  the 
following  estimates  may  be  made  of  the  relative  rates  of  erosion  under 
different  climates  upon  average  rock  materials  in  a  state  of  topographic 
maturity.  From  such  a  brief  study  such  a  statement  is  clearly  nothing 
but  an  estimate.  Proceeding  from  what  is  thought  to  be  the  less 
rapid  to  the  more  rapid  they  would  be — 

I  The  Post-Pliocene  Diastrophism  of  the  Coast  of  Southern  California^  Bulletiii 
of  the  Department  of  Geology,  University  of  California,  Vol.  I,  No.  4,  1893,  p. 
X29. 

*  The  Geomorphogeny  of  Northern  California,  Bulletin  of  the  Department  of 
Geology,  University  of  California,  Vol.  I,  No.  8,  1894,  p.  270. 

3  Coos  Bay  Folio,  U.  S.  Geological  Survey,  p.  i,  1901. 


CUMATE  AND  TERRESTRIAL  DEPOSITS  189 

FOR  ARID  CLIMATES 

1.  Warm-temperate  arid:  moderate  sun  and  wind  action. 

2.  Tropical  arid :  strong  sun  and  wind  action. 

3.  Cold-temperate  arid :  strong  frost  and  wind  action. 

FOR  RAINY  CLIMATES 

1.  Temperate  rainy:  moderate  mechanical  and  chemical  disinte- 
gration. 

2.  Tropical  rainy:  moderate  mechanical,  intense  chemical  dis- 
integration. 

3.  Subpolar  rainy:  intense  mechanical,  moderate  chemical  dis- 
integration. 

The  evidence  in  regard  to  the  relative  position  of  the  varieties 
of  rainy  climate  does  not  seem  to  be  as  secure  as  that  in  regard  to  the 
arid  climates. 

In  comparing  the  rainy  climates  to  the  arid  it  is  thought  that,  on 
the  whole,  the  rainy  climates  are  the  greater  destroying  agents,  but 
so  many  factors  enter  in  the  final  result  that  it  is  thought  that  a  change 
toward  semiaridity  will  hasten  instead  0}  retard  erosion  through  a 
weakening  of  the  vegetal  covering  and  a  concentration  of  rainfall. 
The  local  accumulations  of  waste  resulting  from  a  movement  toward 
aridity,  while  apparently  indicative  of  great  erosion,  should  really 
from  their  mere  presence  not  be  allowed  to  influence  the  judgment. 

Recent  geological  times  have  been  marked  by  climatic  oscillations 
of  great  magnitude  resulting  in  s)aichronous  erosional  and  sedimentary 
oscillations.  In  past  geological  times  other  climatic  oscillations 
must  be  presumed  to  have  taken  place  frequently,  though  normally 
of  much  less  intensity  than  during  the  past  ice  age.  The  sedimentary 
eflfect  of  climatic  variations  as  well  as  stable  climates  is  therefore  of 
geological  importance.  From  the  previous  discussion  it  would  appear 
that  any  variation  from  a  temperate  climate,  cither  arid  or  pluvial, 
would  involve  a  temporary,  abnormally  rapid  increase  of  rock  waste 
until  the  regolith  had  become  adjusted  to  the  new  conditions.  Any 
variation  toward  these  temperate  means,  such  as  the  normal  changes 
in  the  temperate  zones  since  glacial  times,  will  result,  on  the  other 
hand,  in  a  rapid  slackening  of  rock  destruction.  Through  geological 
time,  therefore,  the  slowly  but  perpetually  fluxing  climates  would 
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find  a  delicate  response  in  the  rates  of  erosion  and  the  kinds  of  material 
supplied  to  the  streams.  With  each  climatic  oscillation  the  delicate 
balance  of  erosion  to  stream  transportation  is  thrown  out  of  equilib- 
rium and  a  wave  of  disturbance  originating  ai  the  headwaters  is  sent 
to,  and  even  beyond,  the  river's  mouth.  Even  when  the  nature  of 
the  climatic  changes  at  the  distant  source  cannot  be  determined, 
they  should  still  be  recognized  as  possible  factors  in  those  lithologic 
distinctions  which  characterize  the  successive  stages  of  a  sedimentary 
formation. 

The  influence  of  climatic  changes  upon  sedimentation  has  been 
tacitly  recognized  by  certain  leading  writers,  either  as  a  hypothesis 
to  account  for  a  regular  alternation  of  marine  strata,  as  has  been  done 
by  Gilbert;"  or,  through  the  use  of  gravel  terraces  as  a  means  of 
correlation  between  glaciated  and  imglaciated  regions.  In  the  latter 
case  they  have  been  distinctly  recognized  and  classified  by  Davis 
and  Huntington  as  terraces  of  climatic  origin,  and  criteria  for  their 
distinction  have  been  devised.  The  relations  of  climate  to  erosion 
appear  to  be  so  sensitive,  however,  and  so  important,  as  a  causal 
factor  in  the  \'ariations  of  stratified  rocks,  that  it  would  seem  desirable 
to  distinguish  it  clearly  as  a  separate  cause,  and  call  special  attention 
to  it,  as  is  here  done,  as  of  co-ordinate  importance  with  minor  move- 
ments of  the  earth's  crust.  The  lack  of  conscious  recognition  of  this 
factor  has  without  doubt  caused  many  minor  sedimentary  changes,  and 
even  some  greater  ones,  to  be  taken  as  evidence  of  earth  movement, 
when  climatic  changes  have  at  least  entered  as  important  contributory 
factors. 

Before  these  waves  of  climatic  effect  find  record  in  the  strata, 
however,  they  are  modified  by  the  accompanying  \'ariations  in  the 
power  of  transportation  and  the  changes  which  the  sediments  imdergo 
before  burial  on  the  surface  of  the  flood-plain  or  bottom  of  the  shallow 
sea,  modifications  which  will  be  discussed  in  the  two  succeeding  parts. 

«  "Sedimentary  Measurement  of  Cretaceous  Time,"  Journal  of  Geaiogyt  VoL  III, 
i89S»  PP-  121-27. 

[To  be  continued] 


Reviews 

The  Earth  a  Failing  Structure.  Presidential  Address  before  the 
Philosophical  Society  of  Washington.  By  John  F.  Hayford. 
Bulletin  of  ihs  Philosophical  Society  oj  Washington,  D.  C, 
Vol.  XV,  pp.  57-74,  December,  1907. 

The  title  of  the  address  clearly  expresses  its  central  thought.  The 
endeavor  is  to  show  that  the  earth  is  not  a  competent  elastic  structure. 
The  main  basis  of  argument  is  that,  in  the  past,  the  earth  has  yielded 
frequently,  if  not  continuously,  to  the  stress-differences  brought  to  bear 
upon  it,  and  that  it  is  still  yielding.  This  yielding  is  repeatedly  spoken  of 
as  non-elastic,  but  specific  evidence  is  not  given  that  the  yielding  is  strictly 
of  the  non-elastic  type.  Every  geologist  will  accept  the  fact  of  )rielding 
without  hesitation,  but  some  of  us  might  be  disposed  to  question  the  pre- 
cise method  by  which  the  )rielding  takes  place,  for  it  is  just  at  this  point 
that  discrimination  now  halts  for  adequate  evidence,  and  it  is  just  here 
that  some  of  the  greatest  advances  in  deformation  appear  now  to  be  on 
the  verge  of  realization.  If  the  conclusion  that  the  earth  is  a  failing  struc- 
ture can  be  safely  based  on  the  gross  observation  that  it,  or  parts  of  it, 
have  yielded  to  stresses  in  the  past,  there  can  be  little  ground  for  difference 
of  view,  and  little  occasion  to  regard  the  view  as  new  except  in  its  form 
of  expression,  and  we  may  all  acquiesce  in  the  striking  text  of  the  address. 

At  the  same  time  it  may  be  said  with  equal  deference  to  observed  fact 
that  the  earth  is  a  creative  structure  and  that  it  long  has  been  and  still 
is  generating  structural  strength,  elasticity,  and  rigidity.  On  the  whole, 
its  creative  activities  seem  to  have  been  quite  as  pronounced  as  its  failing 
tendencies;  its  acquisitions  of  competency  to  have  been  quite  as  great 
as  its  exhibitions  of  incompetency. 

Perhaps  nothing  better  represents  a  failing  structure,  in  the  sense  of 
the  address,  than  a  glacier  which,  under  normal  conditions,  is  ever  yielding 
to  the  stress  of  gravity.  And  yet  if  one  wanted  to  select  a  cubic  foot  of 
ice  which  had  the  maximum  of  strength  and  rigidity  and  the  highest  elastic 
limit,  he  would  seek  it  at  the  lower  end  rather  than  the  upper  end  of  the 
glacier.  The  structural  competency  of  the  ice  normally  increases  in  about 
the  proportion  in  which  it  has  previously  failed  as  a  competent  elastic 
structure,  if  one  so  interprets  its  yielding. 

If  a  sandstone  be  sufficiently  stressed,  it  will  perhaps  seem  to  fail  as 
a  structure,  but  the  quartzite  into  which  it  might  pass  would  doubtless 
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show  under  test  greater  strength,  greater  rigidity,  and  a  higher  elastic 
limit,  than  the  original  sandstone.  A  plastic  shale,  if  duly  forced  to  ''fail'' 
often  enough  and  sufficiently,  might,  like  certain  of  our  shopmen,  come 
out  of  the  process  a  highly  elastic  schist.  If  ten  million  blocks  of  earth- 
material,  so  distributed  throughout  the  earth  as  best  to  represent  its  struc- 
tural competency,  could  be  tested  today  and  the  results  compared  with  a 
similar  test  made  in  Cambrian  times,  the  elastic  competency  would  quite 
certainly  be  found  to  be  as  great  now  as  then.  There  is  some  presump- 
tion that  it  would  be  rather  greater. 

The  engineer  in  dealing  with  an  artificial  structure  properly  enough 
proceeds  on  the  assumption  that  there  is  present  a  certain  modicum  of 
structural  competency,  and  that  when  thb  is  once  broken  down  that  ends 
the  matter.  The  earth  cannot  be  dealt  with  advisedly  in  this  way.  The 
constant  regeneration  of  strength,  of  rigidity,  and  of  elasticity,  under 
appropriate  conditions,  is  as  vital  a  factor  in  the  earth  problems  as  is  the 
breaking-down  of  such  acquisitions  of  these  properties  as  had  been  inherited 
from  the  previous  constructive  processes. 

There  are  many  things  in  the  address  \^ich  are  suggestive  and  helpful, 
and  in  so  far  as  they  lead  on  to  more  critical  studies  they  are  heartily  to 
be  welcomed.  The  reviewer  would  suggest,  however,  as  a  running  mate 
to  this  address,  one  on  the  earth  as  a  generative  structure.         T.  C.  C. 

Schmidfs  Geological  Sections  of  the  Alps. 

American  geologists  who  are  interested  in  modem  interpretations  of 
Alpine  structure  will  find  a  valuable  series  of  colored  sections  in  several 
pamphlets  by  Professor  C.  Schmidt  of  Basel,  as  follows:  (i)  BUd  und  Bau 
der  Schweizeralpen,  which  appeared  as  a  supplement  to  Vol.  XLII  of  the 
Swiss  Alpine  Club,  1907  (Basel:  Finckh.  Fr.  5),  contains,  besides  a 
beautifully  illustrated  text,  a  small  geological  map  and  a  remarkable  group 
of  sections  illustrating  the  extreme  extension  now  given  to  the  idea  of 
overthrust  folds.  (2)  FUhrer  zu  den  Exkursionen  der  deutschen  geclogisclien 
GeseUschajt  im  siidlichen  Schwarzwald,  im  Jura  und  in  den  Alpen,  August , 
igoyy  by  Schmidt,  Buxtorf,  and  Preiswerk  (Stuttgart:  Schweizerbart.  M.  5), 
containing  a  number  of  more  detailed  sections,  as  well  as  the  group  of 
general  sections.  (3)  Ueber  die  Geologie  des  Simflongebietes  und  die 
Tektonik  der  Schweizeralpen  (Eclog,  geol,  Helv.,  IX),  with  a  number  of 
detailed  sections  and  a  general  geological  map  of  the  Alps  between  St. 
Gotthard  and  Mont  Blanc.  (4)  Tektonische  Demonstrationsbildcr  (to  be 
had  of  the  author.  Fr.  i),  with  some  of  the  same  Alpine  sections  and 
several  additional  sections  for  the  Vosges  and  the  Schwarzwald. 

W.  M.  D. 
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GEOLOGY  OF  THE  HAYSTACK  STOCK,  COWLES, 
PARK  COUNTY,  MONTANA 


WILLIAM  H.  EMMONS 


INTRODUCTION 

The  Haystack  stock  is  a  mass  of  coarse-grained  gabbro,  diorite,  and 
allied  rocks,  situated  at  the  head  of  Boulder  River,  near  Cowles  Post- 
Office,  Park  County,  Montana,  in  the  southeastern  quarter  of  the 
Livingston  quadrangle,  about  65  miles  by  stage  from  Livingston.  The 
geology  of  this  portion  of  the  Livingston  quadrangle  was  mapped  in 
1890  by  Professor  J.  P.  Iddings,  but  the  Haystack  stock,  and  its 
relations  to  the  surrounding  rocks,  were  regarded  by  him  as  of  suflScient 
interest  to  warrant  further  study,  and,  accordingly,  in  1903,  additional 
field-work  was  done  by  the  writer,  assisted  by  Robert  Butler,  A.  C. 
EDsworth,  and  James  Walker.  No  claim  for  originahty  is  made  for 
the  geological  map,  Fig.  i,  since  it  is  essentially  that  published  in 
the  Livingston  folio.  Mr.  Iddings  further  directed  the  oflSce  work, 
and  placed  in  the  hands  of  the  writer  his  field  notes  and  a  large 
amount  of  material  collected  during  the  mapping  of  the  Livingston 
quadrangle.  Analyses  of  six  type  specimens,  and  of  two  mineral 
separations  were  made  in  the  laboratory  of  the  U.  S.  Geological 
Survey  by  Mr.  George  H.  Steiger. 

PHYSIOGRAPHY 

Topography. — ^The  area  included  within  the  limits  of  the  map, 
(Fig.  i),  is  a  part  of  the  high  dissected  plateau  which  is  somewhat 
indefinitely  called  the  Snowy  Mountains.  The  general  elevation  of 
Vol.  XVI,  No.  3  193 


f 


194 


WILUAM  H.  EMMONS 


GEOLOGY  OF  THE  HAYSTACK  STOCK  195 

this  plateau  is  from  9,000  to  10,000  feet  above  sea  level  and  numerous 
peaks  are  higher.  Of  these  the  most  conspicuous  are  Haystack 
Peak,  Little  Haystack  Peak,  and  Baboon  Mountain.  Many  canyons 
traverse  the  plateau  and  are  sunk  from  2,000  to  3,000  feet  below  the 
level  of  the  upland.  They  are  narrow,  U-shaped,  and  their  walls 
are  very  steep,  even  to  the  sources  of  the  streams.  The  trees  are 
mainly  spruce,  white  bark  pine,  and  lodge-pole  pine.  They  are 
comparatively  small  and  are  valuable  only  for  local  use  in  connection 
with  the  nearly  dormant  mining  industry.  Aspens  and  willows  grow 
in  the  marshes  along  the  streams,  and  above  9,500  feet  the  vegetation 
consists  chiefly  of  small  junipers  and  stimted  cedars. 

Drainage. — ^The  Boulder  River  is  the  most  important  stream  of 
the  area;  rising  south  of  Haystack  Mountain  it  flows  northward 
through  the  Snowy  Range  and  enters  the  Livingston  River  at  Big- 
timber.  Several  tributaries  join  the  Boulder  River  from  the  west, 
among  which  are  Elk  Creek,  Copper  Creek,  and  Sheep  Creek. 
From  the  east  its  affluents  are  East  Fork  and  Basin  Creek.  The 
southeastern  portion  of  the  area  mapped  is  drained  by  Slough  Creek 
which,  flowing  southward,  joins  the  Yellowstone  River  in  the  Yellow- 
stone National  Park.  Haystack  Basin  lies  between  Haystack  Peak  and 
Baboon  Mountain.  A  low  ridge,  trending  north  and  south,  forms  a 
watershed  west  of  which  the  drainage  is  through  Basin  Creek  into 
the  Boulder  River. 

Effect  of  character  of  rocks  upon  topography, — The  stock  of  Hay- 
stack Basin,  especially  the  coarse-grained  central  portion,  weathers 
very  readily,  falling  into  coarse  arkose  and  consequently  forms  a 
relatively  low  area.  The  eruptive  rock  around  the  stock  is  very 
resistant,  since  it  has  been  indurated  at  the  contact  and  it  forms 
the  mountain  crests  to  the  north  and  to  the  south  of  the  basin.  Else- 
where, the  breccia  and  minor  intrusives  appear  to  have  been  eroded 
at  about  equal  rates.  Dikes  seldom  stand  out  conspicuously  above 
the  surface,  and  other  intrusives,  aside  from  the  Haystack  stock,  do 
not  find  marked  expression  in  the  topography.  Sedimentary  rocks 
have  only  a  small  areal  distribution.  They  are  nearly  flat  and  do 
not  form  notable  physiographic  features.  They  outcrop  only  on 
the  sides  of  the  canyons  and  are  represented  by  a  quartzite  member 
which  usually  forms  a  bench,  above  which  is  a  ledge  of  limestone. 
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The  diflferences  in  the  constitution  of  the  crystalline  schists  are  too 
slight  to  find  expression  in  topographic  form. 

Glaciation. — ^The  eflFects  of  glacial  erosion  are  conspicuous  in  the 
Snowy  Mountains.  The  streams  head  in  typical  glacial  amphitheaters, 
sharp  and  clear  cut.  On  the  floors  of  these  amphitheaters  in  rock 
basins  are  occasional  lakes.  In  this  part  of  the  valleys  drift  is  thin 
or  absent  and  at  many  places  the  rocks  are  polished  or  striated. 
Lower  down  in  the  mountains,  usually  three  or  four  miles  below  the 
sources  of  the  streams,  the  floors  of  the  canyons  are  covered  with 
drift  which  at  many  places  occurs  as  knobs  or  hillocks  from  ten  to 
forty  feet  high.  Lakes  and  kettles  within  the  morainal  belt  are 
comparatively  rare. 

Culture. — ^In  some  years  a  five-stamp  mill  is  operated  at  Cowles 
Post-Office  during  a  part  of  the  summer  and  a  number  of  prospectors 
do  assessment  work.  As  soon  as  the  snow  becomes  too  deep  for 
easy  travel,  the  country  is  almost  deserted  until  the  following  spring. 
A  wagon  road  connects  Livingston  with  Cowles.  From  there  trails 
lead  southeast  to  Cook  City  and  to  the  mines  around  Horseshoe 
Mountain.  In  the  early  90's  this  area  was  the  scene  of  considerable 
mining  excitement,  and  a  camp  of  a  hundred  or  more  houses,  known 
as  Independence,  was  built  at  the  junction  of  Basin  Creek  and  Boulder 
River.  A  mill  was  installed  at  this  point  and  ore  was  hauled  by  wagon 
from  the  Independence  mine  in  Haystack  Basin.  The  camp  was 
soon  deserted,  but  the  name  is  sometimes  used  for  the  camp  at  Cowles 
Post-Office,  about  a  mile  east  of  the  old  camp. 

OUTLINE   OF  GENERAL  GEOLOGY 

Pre-Cambrian  gneisses  and  schists. — The  oldest  rocks  within 
this  area  form  a  crystalline  complex  consisting  in  the  main  of  crenu- 
lated  and  intensely  folded  granite-gneiss  and  mica-schist.  The  gneiss 
is  at  most  places  coarse-grained,  though  medium  or  fine-grained 
facies  are  common.  The  gneiss  is  composed  of  feldspar,  quartz, 
biotite,  and  muscovite,  with  hornblende  and  magnetite  as  accessory 
minerals.  Like  minerals  are  arranged  in  laminae  giving  the  gneiss 
its  banded  appearance. 

Traversing  the  gneiss  in  all  directions  are  streaks  of  dark  mica- 
schists  varying  in  width  from  less  than  an  inch  to  more  than  fifty 
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feet.  The  direction  of  schistosity  agrees  closely  with  the  banding 
of  the  gneiss,  and  both  were  apparently  produced  at  the  same  time. 
The  dark  schists  consist  essentially  of  biotite,  feldspar,  and  horn- 
blende. The  contacts  between  the  gneiss  and  the  included  schists  are 
not  sharp  and  distinct,  though  a  short  distance  away  they  appear  to 
be  so,  owing  to  the  contrast  in  color  between  the  light  and  dark  rock. 
The  two  merge  into  each  other  within  a  narrow  zone,  and  the 
bands  of  schist  thin  out  and  end  within  the  gneiss.  The  forms  assumed 
by  the  bands  of  schist  are  extremely  irregular;  some  of  them  are 
curved  lines;  sigmoidal  forms  are  not  uncommon;  rectilinear  bands 
do  not  occur  for  any  considerable  distance.  Some  of  the  curved 
bands  are  fractured  and  broken  by  faults  which  have  been  completely 
healed. 

Pegmatite. — ^The  crystalline  complex  is  cut  by  dikes  of  pegmatite 
which  is  composed  of  feldspar,  quartz,  and  mica.  Such  dikes  are 
especially  well  developed  on  Lake  Plateau  about  two  miles  north 
of  the  northeast  comer  of  the  area  mapped  (Fig.  i)  where  red  feldspars 
occur  in  large  crystals  which  inclose  smaller  bodies  of  quartz,  most  of 
them  about  two  inches  in  longest  dimension,  and  thick  six-sided 
plates  of  mica  about  half  as  large.  The  pegmatite  is  not  mashed 
and,  therefore,  is  later  than  the  metamorphism  of  the  gneiss  and  schist, 
but  since  it  does  not  cut  the  Cambrian  sediments  it  is  probably  of 
pre-Cambrian  age. 

CAMBRIAN 

Overlying  the  pre-Cambrian  rocks  unconformably  are  beds  of 
Cambrian  quartzite,  limestone,  and  shale.  The  basal  member  is 
a  buflf,  pink,  or  gray  quartzite  from  200'  to  300'  thick,  and  its 
basal  layers  at  some  places  contain  small  pebbles  of  the  crystal- 
line schists.  The  quartzite  is  thoroughly  indurated,  and  under  the 
microscope  shows  characteristic  secondary  enlargements  of  the  grains 
of  quartz. 

Above  the  quartzite  and  conformable  with  it  in  dip  is  blue  or 
gray  liinestone  from  50'  to  300'  thick,  near  the  base  of  which  are  a 
few  feet  of  shale.  It  is  sometimes  massive,  more  often  thinly  bedded, 
and  contains  cherty  layers.  Some  of  the  layers  of  the  limestone  are 
limestone  conglomerate,  composed  of  flat  limestone  pebbles  from 
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one-half  inch  to  five  inches  in  diameter,  cemented  by  a  limestone  matrix. 
The  limestone  has  been  extensively  recrystallized  since  it  was  deposited 
and  is  largely  composed  of  closely  interlocking  anhedrons  of  calcite, 
I  ^^  or  less  in  longest  diameter.  In  some  localities  it  is  rich  in 
fossils.  On  the  trail  about  two  miles  northwest  of  the  point  where 
Boulder  River  is  intersected  by  the  northern  boundary  of  the  area 
mapped  on  Fig.  i,  exposures  show  that  certain  beds  of  the  limestone 
are  composed  almost  entirely  of  fragments  of  trilobites.  The  quartzite 
is  the  Flathead  quartzite  of  Mr.  Weed*  and  the  limestone  is  very 
probably  to  be  correlated  with  the  Meagher  limestone  in  his  section 
at  Helena.* 

Immediately  south  of  Copper  Creek,  at  a  point  about  three-quarters 
of  a  mile  above  its  junction  with  the  Boulder  River,  the  limestone, 
here  thinly  bedded  and  shaly,  rests  upon  gneiss,  showing  that  it  was 
deposited  by  overlap  upon  the  sinking  Cambrian  sea  bottom. 

The  Cambrian  beds  dip  gently  west-southwest  away  from  the 
pre- Cambrian  rocks  and  are  intruded  by  sills  of  andesite-dacite, 
and  cut  by  the  Haystack  stock.  At  the  contact  with  the  stock  the 
limestone  is  metamorphosed  and  locally  contains  secondary  quartz, 
epidote,  garnet,  and  an  undetermined  amphibole.  The  attitude 
of  the  Cambrian  beds  at  the  contact  with  the  Haystack  stock  is 
approximately  the  same  as  away  from  it. 

EXTRUSIVE  ROCKS 

Occurrence  and  distribution, — Overlying  the  crystalline  schists 
and  the  sedimentary  rocks  and  conforming  to  the  irregularities  of 
their  eroded  surface  is  a  great  thickness  of  extrusive  rocks,  consisting 
of  breccias,  tuffs,  agglomerates,  and  lava  flows.  These  rocks  are 
formed  of  material  thrown  out  of  volcanic  vents  and  are  more  or  less 
continuous  for  many  miles  to  the  south  and  west,  covering  a  vast 
area  in  and  around  the  Yellowstone  National  Park. 

The  extrusive  rocks  do  not  represent  a  continuous  series,  for 
unconformities  of  erosion  occur  at  many  places.  The  presence  of 
silicified  tnmks  and  stumps  of  trees,  some  of  them  upright' as  they 
grew,  shows  that  between  the  volcanic  eruptions  there  were  periods  of 

«  Livingston  Folio ^  Geological  Atlas  of  the  U.  S.,  U.  S.  Geological  Survey. 
•  Helena  Folio,  Geological  Atlas  of  the  U.  S.,  U.  S.  Geological  Survey. 
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quiescence  of  considerable  duration.  At  some  of  these  unconformities 
there  is  an  abrupt  change  in  the  appearance  of  the  breccia.  There 
are  more  or  less  constant  differences  between  the  lower  and  the 
upper  portions  of  the  breccia,  and  the  series  has  been  divided  by  Mr. 
Iddings*  into  the  acid  andesitic  and  the  basic  andesitic  breccia. 

The  acid  andesitic  breccia. — The  acid  andesitic  breccia  consists 
chiefly  of  light-colored  andesite,  dacite,  and  latite  fragments  which 
vary  in  size  from  fine  dust  to  masses  several  feet  in  longest  dimensions. 
The  coarse  material  is  most  abundant  in  the  lower  portion  of  the 
formation,  while  the  upper  portion  contains  beds  which  are  composed 
almost  entirely  of  volcanic  dust.  The  chaotic  basal  portion  contains  large 
fragments  of  gneiss  and  quartzite,  which  were  broken  from  the  pre- 
Cambrian  and  Cambrian  formations,  and  probably  represent  material 
thrown  out  at  the  time  of  the  earliest  eruptions.  Such  fragments  are 
very  abundant  in  the  west  wall  of  the  Boulder  Canyon  due  west  of 
Haystack  Peak. 

The  upper  portion  of  the  acid  breccia  is  largely  composed  of 
fine  material;  some  of  it  is  well  stratified  but  probably  of  subaerial 
origin.  The  bedded  tuffs  dip  at  low  angles  but  the  dip  is  not 
quaquaversal  with  respect  to  the  Haystack  stock.  It  is  probable  that 
the  material  from  these  beds  came  from  several  sources,  and  since 
much  of  it  is  very  fine,  the  sources  may  have  been  a  considerable 
distance  away.  The  thickness  of  the  lower  acid  breccia  is  variable 
and  reaches  a  maximum  of  1,500  feet.  It  is  well  exposed  above 
the  Cambrian  on  the  divides  between  the  tributaries  of  the  Boulder 
River  at  the  head-waters  of  this  stream,  also  south  of  Haystack 
Peak  at  the  head  of  East  Fork,  and  at  the  head  of  the  drainage  of 
Buffalo  Creek.  There  is  an  isolated  remnant  of  the  breccia  cap- 
ping the  gneiss  about  two  miles  northeast  of  Little  Haystack  Peak. 
The  acid  breccia  probably  once  covered  a  much  more  extensive  area 
than  it  does  now,  and  has  since  been  eroded.  Mr.  Arnold  Hague*  has 
shown  that  in  the  Yellowstone  National  Park  this  early  acid  breccia 
belongs  to  the  Eocene  period  and  corresponds  with  the  Fort  Union 
horizon.    The  early  acid  breccia  is  cut  by  andesite-dacite  stocks  and 

<  Iddings,  Livingston  PoUo,  p.  6. 

a  "The  Age  of  the  Igneous  Rocks  of  the  Yellowstone  National  Park,"  Amgrican 
Journal  of  Science,  Fourth  Ser.,  1896,  p.  450. 
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by"  the  Haystack  stock.  At  its  contacts  with  the  Haystack  stock 
the  breccia  is  greatly  indurated  and  weathers  at  some  places  like  a 
massive  rock.  On  account  of  its  greater  hardness  this  contact  at 
most  places  forms  a  ridge.  Since  the  border  fades  of  the  Haystack 
stock  is  fine-grained,  it  is  impossible  at  many  places  to  locate  pre- 
cisely the  contact,  though  the  doubtful  zone  is  usually  not  more 
than  a  few  yards  wide. 

Basic  andesitic  breccia. — The  basic  andesitic  breccia  is  darker 
than  the  acid  breccia.  Chocolate,  dark  gra)rs,  and  somber  shades 
of  red  and  yellow  predominate.  It  is  composed  of  pyroxene-andesite 
and  homblende-pyroxene-andesite,  with  a  subordinate  amount  of 
dacite  and  latite.  Fragments  of  gneiss  or  of  quartzite  are  much  less 
abundant  than  in  the  lower  breccia.  The  fragments  are  generally 
smaller  than  those  in  the  basal  portion  of  the  acid  breccia  and  beds 
of  fine-grained  tuff  are  less  conspicuous  than  in  the  acid  breccia. 
Basaltic  lava  flows  which  are  very  common,  especially  near  the  top 
of  the  formation,  are  best  developed  in  the  southwest  portion  of  the 
area.  The  thickness  of  the  upper  breccia  is  very  great.  The  canyon 
of  Hell  Roaring  Creek,  several  miles  southwest  of  the  area  mapped,  is 
nearly  3,000  feet  deep  and  is  cut  entirely  in  this  formation.  It  is 
probable  that  this  breccia  also  was  formerly  more  extensive  and  it 
may  have  completely  covered  the  acid  breccia.  The  basic  breccia 
is  of  Neocene  age.^ 

ANDESITE-DACITE  INTRUSIVES 

Andesite-dacite  sills, — Andesite-dacite  sills  occur  as  sheets  injected 
between  the  Cambrian  strata.  In  this  area  they  are  present  wherever 
a  section  of  Cambrian  rocks  is  exposed.  At  most  places  there  is 
a  sheet  between  the  quartzite  and  the  limestone  at  the  horizon  of 
the  shales  which  occur  at  the  base  of  the  limestone  and  several  sheets 
are  intercalated  within  the  limestone.  The  cartographic  representa- 
tion is  necessarily  generalized,  showing  from  one  to  three  of  these 
sheets,  but  where  the  Cambrian  beds  are  thickest  there  are  sometimes 
more.    The  maximum  thickness  of  the  sills  is  about  two  hundred  feet. 

The  andesite-dacite  is  dark  gray,  reddish  gray,  or  brown,  and 
contains  phenocrysts  of  feldspar,  hornblende,  quartz,  and  biotite. 

«  J.  p.  Iddings,  Folio  30,  "Yellowstone  National  Park,"  Geological  Atlas  of  U.  S.. 
U.  S.  Geological  Survey. 
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Under  the  microscope  the  groundmass  is  seen  to  be  microcrystallme 
and  contains  phenocrysts  of  andesine,  green  hornblende,  quartz, 
orthodase,  magnetite,  and  biotite.  Calcite  and  serpentine  are  present 
as  secondary  minerals.  Orthodase  and  quartz  are  sometimes 
present  in  considerable  amount  when  the  composition  of  the  rock 
approaches  that  of  quartz-monzonite-porphjrry.  Since  the  sills 
are  cut  by  the  Ha)rstack  stock  they  are  older  than  it,  and  since  they 
do  not  cut  the  brecdas  they  are  possibly  older  than  them,  and  pre- 
sumably the  oldest  Tertiary  volcanics  in  the  district. 

AndesiU'dacUe  stocks. — Andes ite-dacite  stocks  cut  the  pre- 
Cambrian  rocks  and  the  basic  breccia.  The  largest  one  is  about  two 
miles  east  of  Little  Haystack  Peak,  and  covers  an  area  of  nearly 
two  square  miles.  Several  smaller  bodies  occur  along  the  southern 
border  of  the  area  mapped. 

The  andesite-dacite  is  gray  or  pinkish  gray,  and  contains  pheno- 
crysts of  feldspar,  hornblende,  quartz,  and  mica.  Under  the  microscope 
the  groundmass  is  seen  to  be  microcrystalline  and  contains  pheno- 
crysts of  andesine,  quartz,  green  hornblende,  pyroxene,  orthodase, 
and  magnetite.  The  andesite-dacite  stocks  are  younger  than  the 
early  breccia  and  probably  older  than  the  later  breccia.  They  are 
closely  allied  to  the  sills  in  composition,  but  if  the  sills  are  older  than 
the  early  breccia,  which  the  stocks  cut,  a  considerable  period  intervened 
between  the  two  intrusions.  The  composition  of  the  andesite-dacite 
is  near  that  of  the  early  breccia,  and  the  sills,  stocks,  and  breccia 
probably  came  from  the  same  or  closely  related  magmas. 

The  Haystack  stock. — The  Ha)rstack  stock  is  an  intrusive  body 
of  irregular  shape  cutting  through  pre-Cambrian  schists,  Cambrian 
sedimentary  rocks,  and  the  early  acid  breccia.  It  is  composed 
entirely  of  granitic  rocks  var3dng  in  composition  from  quartz-mon- 
zonite  to  olivine-gabbro.  These  grade  into  one  another,  and  it  is 
assumed  that  they  represent  the  products  of  differentiation  from  a 
conmion  magma. 

Basalt  and  andesite  dikes. — Basalt  or  andesite  dikes  cut  all  the 
other  rocks.  They  are  most  abundant  in  the  country  south,  west, 
and  east  of  the  Haystack  stock,  and  have  a  rudely  radial  arrangement 
around  it.  In  width  they  vary  from  four  inches  to  forty  feet  and 
some  are  exposed  for  considerable  distances,  though  most  of  them 
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are  partially  concealed  by  detrital  material.  In  appearance  the  dike 
rocks  are  dark  and  either  aphanitic  or  contain  inconspicuous  pheno- 
crysts  of  augite,  feldspar,  and  olivine.  Under  the  microscope  they  show 
a  considerable  range  of  composition.  The  basalt  dikes  have  a 
microcrystalline  groundmass  containing  a  large  number  of  lath- 
shaped  labradorite  crystals  which  flow  around  larger  phenocrysts 
of  augite  and  olivine.  Hornblende  phenocrysts  are  present  in  some 
thin  sections.  In  the  less  basic  dikes,  the  andesites,  the  groundmass, 
sometimes  glassy,  contains  a  smaller  amount  of  plagioclase  and 
augite.  Hornblende  is  more  abundant  than  in  the  basalt  dikes. 
Some  thin  sections  show  numerous  large  andesine  phenocrysts. 
Some  of  the  dikes  can  be  traced  into  the  Haystack  stock,  though 
none  of  them  crosses  it.  Probably  many  of  them  are  connected  with 
it  in  depth. 

PETROGRAPHY  OF  HAYSTACK  STOCK 

Relation  to  other  rocks. — The  Ha)rstack  stock  occupies  the  greater 
part  of  Haystack  Basin,  extending  eastward  nearly  to  the  East  Fork 
of  the  Boulder  River.  A  long  arm  trends  westward  from  Haystack 
Peak  for  nearly  a  mile  and  crosses  the  West  Fork  of  the  Boulder 
River;  another  arm  extends  northwest  to  the  western  spur  of  Baboon 
Mountain.  Its  outcrop  altogether  occupies  an  area  of  about  two  and 
one-half  square  miles.  The  stock  cuts  through  the  crystalline  schists, 
the  Cambrian  sedimentary  rocks  with  intruding  sills,  and  the  early 
acid  breccia.  There  is  no  evidence  that  the  Cambrian  beds  were 
turned  up  by  the  intrusion,  for  wherever  they  outcrop  near  the  stock, 
their  attitude  is  approximately  uniform  and  they  dip  southwestward 
at  low  angles  near  the  stock  in  the  same  manner  as  at  some  distance 
away  from  it. 

The  western  arm  of  the  stock  is  closely  related  to  a  fault  which 
extends  westward  from  the  north  spur  of  Ha)rstack  Peak  and  crosses 
the  Boulder  River  at  an  elevation  of  about  7,900  feet.  North  of  the 
fault  the  Cambrian  sediments  occur  some  600  feet  above  the  stream 
bed  on  both  sides  of  the  Boulder  River.  South  of  the  fault  the  Cam- 
brian is  wanting  and  the  breccia  is  the  lowest  formation  exposed. 
The  minimum  throw  of  the  fault  at  this  point  is  600  feet.  So  far  as 
known,  the  Haystack  magma  did  not  penetrate  the  shaly  beds  between 
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the  Cambrian  quaxtzite  and  the  limestone.  The  sills  in  the  Cambrian 
are  characteristic  of  this  formation  over  wide  areas  and  are  not  to  be 
regarded  as  apophyses  of  the  Haystack  stock;  further,  they  arc  more 
siliceous  in  composition  than  the  average  of  the  stock,  and  they  are 
thicker  away  from  the  stock  than  near  it. 

There  is  no  conclusive  evidence  that  the  Haystack  stock  ever 
reached  the  surface.  It  is  of  later  age  than  the  acid  breccia,  and 
appears  to  have  extended  to  near  the  top  of  this  formation,  but  it 
may  have  been  deeply  buried  under  the  basic  breccia,  which  has  a 
thickness  of  2,000  feet  or  more  in  HeU  Roaring  Creek  near  by.  Since, 
however,  its  composition  is  near  that  of  the  basic  breccia,  it  is  possible 
that  it  formed  a  channel  through  which  a  portion  of  this  breccia 
reached  the  surface. 

Appearance. — The  peripheral  facies  of  the  Haystack  stock  is  dark, 
fine-grained,  and  contains  a  few  inconspicuous  anhedra  of  feldspar 
and  biotite.  A  short  distance  toward  the  center  from  the  periphery, 
it  becomes  of  lighter  color  and  coarse  grain^  and  is  composed  of 
feldspar,  quartz,  hornblende,  and  mica.  Still  farther  from  the  border, 
it  becomes  much  more  coarsely  crystalline,  of  darker  color,  and  is 
composed  of  biotite,  pyroxene,  and  magnetite.  In  the  more  basic 
facies  of  the  central  portion  of  the  stock  the  ferro-magnesian  minerals 
approximately  equal  the  light-colored  constituents.  The  various 
facies  grade  one  into  the  other  except  in  rare  cases  where  locally  there 
is  a  rather  sharp  contact  between  them.  A  notable  example  occurs 
near  the  wagon  road  a  few  rods  south  of  the  divide  between  West 
Basin  Creek  and  East  Basin  Creek,  where  dark  gabbro  of  medium 
grain  appears  to  cut  the  coarser,  lighter  gabbro,  but  a  few  feet  away 
from  this  contact  these  two  rocks,  traced  continuously  between, 
grade  into  each  other  as  elsewhere.  The  various  rocks  of  the  stock 
are  always  massive,  and  do  not  show  evidence  of  mashing.  Near 
the  border  a  few  fragments  of  surrounding  rocks  are  present,  but 
these  are  rare  or  wanting  in  the  interior  of  the  stock.  There  has  been 
fracturing  since  the  solidification  of  the  stock  and  it  is  traversed  by 
joints  in  several  directions.  Along  some  of  these  fractures  the  sur- 
rounding rock  is  extensively  altered,  but  this  alteration  is  local  and 
the  rocks  of  the  stock  are  for  the  most  part  fresh. 

At  a  number  of  localities  veins  of  coarse-grained  granite  cut  the 
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stock.  These  vary  in  vidih  from  less  thju  one  inch  to  six  or  eight 
indies,  and  contrast  strang)v  in  color  and  composition  with  the  sur- 
rounding rock.  Basalt  and  andesite  dikes  which  are  exposed  at 
numerous  places  a  short  dfgfance  from  its  border  do  not  cross  the 
stocky  nor  do  they  occur  near  its  center. 

Minerals  of  the  stock. — ^The  constituent  minerals  of  the  stock, 
thou^  all  are  not  {xesent  in  a  sing^  specimen,  in  approximate  order 
of  abundance  are:  plagiodase,  (xthodase,  augite,  hirpersthene, 
biotite,  quartz,  homUende.  magnetite,  olivine,  apatite,  pyrite,  and 
zircon.  Flagioclase  shows  the  usual  albite  and  carisbad  twinning, 
and  frequently  zonal  structure.  Some  erf  the  plagiodase  contains 
a  large  number  of  minute  dark  indusi(xis,  which  give  it  a  gra}'ish 
color.  Small  prisms  of  apatite,  together  with  a  few  anhedrons  of 
ferromagnesian  minerals  are  similarly  induded.  In  composition  the 
plagiodase  varies  from  oligodase  to  labradorite.  In  the  diorite  and 
quartz-diorite  {dagioclase  is  as  a  rule  cdigodase  or  andesine,  and  in 
the  most  basic  types  it  is  labradorite.  The  total  amount  of  plagio- 
dase in  the  different  rocks  of  the  stock  is  remarkably  uniform,  and 
in  most  instances  it  constitutes  from  40  per  cent,  to  50  per  cent,  of  the 
rock.     Plagiodase  was  among  the  first  minerals  formed. 

Orthoclase,  alwa)'s  present,  and  in  some  specimens  in  consider- 
able amount,  forms  irregular  anhedrons  which  fill  the  interstices 
between  all  the  other  minerals,  except  quartz.  Some  of  it  indoses 
ferromagnesian  minerals,  and  apatite;  and  again  it  indoses  plagio- 
dase poikilitically  or  is  microperthitic  with  albite.  It  was  one  of 
the  latest  minerals  formed,  and  constitutes  from  2  to  18  per  cent,  of 
the  rock.  Quartz  occurs  as  irregular  bodies  in  nearly  all  of  the  rocks 
of  the  stock,  though  it  is  wanting  in  some  of  the  olivine  gabbros. 
It  reaches  a  maximum  in  the  granodiorites,  where  it  constitutes 
nearly  20  per  cent,  of  the-  rock.  In  many  specimens  quartz  and 
orthoclase  form  a  micrographic  intergrowth  in  which  orthoclase 
exceeds  quartz.  The  micrographic  intergrowth  crystallized  after 
all  other  minerals  had  formed. 

Pyroxene,  though  not  present  in  every  fades  of  the  stock  is, 
altogether,  the  most  abundant  ferromagnesian  mineral.  Its  anhedra 
arc  for  the  most  part  irregular,  but  some  of  them  approach  idiomor- 
phism.   Augite  and  hypersthene  are  both  present.  Augite  is  pale  violet. 
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buff,  and  is  very  faintly  pleochroic.  It  is  twinned  parallel  to  the 
first  pinacoid.  Hypersthene  is  rather  irregular  in  outline,  is  never 
twinned,  and  is  less  well  cleaved  than  augite.  The  pleochroism  varies 
from  pale  green  parallel  to  t  to  reddish  yeUow  parallel  to  a  and  b. 
The  two  pyroxenes  are  intricately  intergrown  and  were  synchronous 
in  their  crystallization  which  was,  in  some  cases,  contemporaneous 
with  and  in  others  inmiediately  followed  that  of  plagioclase.  Some 
of  the  pyroxene  is  altered  to  bastite.  An  analysis  of  a  mixture  of 
the  two  pyroxenes  from  the  olivine-gabbro  (variety  E)  is  given  on 
p.  215. 

Biotite  is  present  in  all  varieties  of  the  rock  and  occurs  as  irregular 
flakes  of  various  sizes  up  to  2"*™  in  diameter.  Biotite  incloses  small 
grains  of  magnetite  and  more  rarely  minute  bodies  of  plagioclase ;  in 
many[specimens  it  constitutes  about  5  per  cent,  of  the  rock.  An  analysis 
of  biotite  separated  from  variety  D  is  given  on  p.  213. 

Hornblende  occurs  as  small  irregular  anhedrons  longer  than  they 
are  wide;  nearly  all  are  fibrous,  only  a  few  sections  showing  the  usual 
hornblende  cleavage.  It  is  pale-yellowish  green  and  slightly  pleo- 
chroic. A  part  of  the  hornblende  is  probably  secondary  and  it  may 
be  uralite,  though  there  is  nothing  in  its  crystal  form  to  suggest  deriva- 
tion from  a  previous  pyroxene,  and  it  is  possible  that  it  is  secondary  to 
another  hornblende.  Minute  inclusions  of  magnetite  are  present 
in  the  hornblende  and  small  shreds  of  biotite  are  similarly  included, 
Many  of  the  rocks  of  Haystack  Basin  contain  no  hornblende  at  all, 
but  it  is  the  chief  ferromagnesian  mineral  of  the  quartz-diorite. 

Magnetite  is  present  in  all  specimens  constituting  from  2  per  cent, 
to  5  per  cent,  of  the  rock.  It  is  a  little  more  abundant  in  the  more 
basic  gabbros  and  occurs  both  as  irregular  anhedrons  and  idiomorphic 
crystals.  In  feldspar  it  is  present  as  minute  dust-like  particles  and 
also  in  larger  bodies,  but  the  greater  portion  of  it  is  included  in  or 
associated  with  the  ferromagnesian  minerals.  The  chemical  analysis 
of  the  rock  shows  that  it  contains  considerable  titanium.  It  crystal- 
lized partly  after  the  plagioclase  and  contemporaneously  with  the 
ferromagnesian  minerals. 

Olivine,  for  the  most  part  allotriomorphic,  is  present  in  a  few  of 
the  more  basic  varieties  of  the  gabbros.  It  is  fractured  and  along 
the  cracks  is  altered  to  serpentine.    Some  of  it  is  completely  replaced 
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by  the  serpentine,  and  the  serpentine  includes  minute  bodies  of 
magnetite.  In  all  the  rocks  containing  olivine  a  portion  of  it  occurs 
in  small,  rounded,  oval,  or  irregular  inclusions  in  the  pyroxene,  and 
in  specimens  where  only  a  small  amount  of  olivine  is  present  all  is  so 
included.  The  quantity  of  olivine  varies  from  nothing  to  5  per  cent. 
Apatite  occurs  as  slender  prisms  about  .1™*°  in  length,  wholly 
or  partially  included  in  the  other  minerals.  In  some  specimens  the 
prisms  are  arranged  roughly  parallel  to  one  another,  somewhat 
analogous  to  flow  structure  sometimes  exhibited  by  lath-shaped 
feldspar  in  basalts,  though  the  alignment  is  less  perfect.  These 
parallel  prisms  are  included  in  plagioclase,  orthoclase,  and  in  the 
ferromagnesian  minerals,  showing  that  the  crystallization  of  the 
apatite  had  begun  but  that  the  other  minerals  had  not  formed  when 
the  magma  came  to  rest.  The  amount  of  apatite  is  nearly  uniform 
and  it  usually  constitutes  about  i  per  cent,  of  the  rock.  Pyrite  occurs 
sparingly  except  in  altered  varieties  where  it  is  in  part  secondary. 
A  very  small  amount  of  zircon  is  present  in  some  specimens  as  char- 
acteristic prisms. 

Description  oj  Types  oj  Haystack  Stock 

VARIETY   A.      ADAMELLOSE:     GRANODIORITE 

The  most  acid  part  of  the  stock  covers  a  considerable  area  on  the 
southern  portion  of  the  west  spur  of  Baboon  Mountain.  It  occurs  near 
but  not  immediately  at  the  edge  of  the  stock.  The  rock  is  light  gray, 
medium-grained,  and  has  a  smaller  percentage  of  ferromagnesian 
minerals  than  any  other  of  the  stock  rocks,  hornblende,  magnetite, 
and  biotite  constituting  less  than  one-sixth  of  the  mass.  It  is  com- 
paratively homogeneous  in  composition,  although  southward  it 
grades  into  a  more  basic  and  more  coarsely  crystalline  diorite. 

The  pinkish-white  feldspar  anhedra  are  from  3  to  5"*°*  long  and 
the  quartz  is  of  smaller  size.  Hornblende  is  the  most  abundant  ferro- 
magnesian mineral,  though  magnetite  and  biotite  are  present. 

Under  the  microscope  the  texture  of  the  rock  is  seen  to  be  hypidio- 
morphic  granular.  The  minerals  present  in  order  of  abundance  are 
plagioclase,  orthoclase,  quartz,  hornblende,  biotite,  magnetite,  and 
apatite.  Plagioclase  occurs  in  nearly  idiomorphic  forms,  tabular, 
parallel  to  the  brachypinacoid.     Many  carlsbad  twins  and  zonally 
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built  crystals  are  present.    Its  composition  is  that  of  oligoclasc-andesine, 

Orthodase  and  quartz  are  relatively  abundant,  together  nearly 
equalling  plagioclase.  Orthoclase,  frequently  microperthite,  occurs 
as  anhedra  with  a  maximum  length  of  i""*,  and  is  also  graphically 
intergrown  with  quartz.  It  also  occurs  as  zones  surrounding  crj'stals 
of  plagioclase.  Quartz  occurs  as  anhedra  from  o.i™"  to  0.5""* 
long. 

Hornblende  forms  irregular  anhedra,  usually  about  0.4""  long, 
which  inclose  a  large  number  of  minute  bodies  of  magnetite  and 
biotite.  A  part  of  the  hornblende,  from  its  fibrous  form,  is  believed 
to  be  secondary,  possibly  to  pyroxene,  though  there  is  nothing  in  its 
outline  which  suggests  the  form  of  pjToxene  and  it  may  have  been 
derived  from  an  original  hornblende.  Biotite  occurs  as  anhedra 
smaller  than  those  of  hornblende.  Magnetite  is  included  in  the 
ferromagnesian  minerals,  and  to  a  less  extent  in  plagioclase. 
Long  prisms  of  apatite  are  present.  The  order  of  crj-stallization 
was  as  follows:  (i)  Magnetite  and  apatite;  (2)  hornblende  and 
biotite;  (3)  plagioclase;  (4)  orthoclase  and  quartz.  The  feldspars 
are  slightly  altered  to  kaolin  and  biotite  to  a  lighter  colored  mica  and 
to  chlorite.  An  analysis  of  type  A  from  the  west  spur  of  Baboon 
Moimtain  (See  Fig.  3  p.  222)  is  given  below: 

ANALYSIS  OF  VARIETY  A.      GEO.    STEIGER,  ANALYST 
S,0 65.06       HaO- 31 


AlaOj 14 

Fe,03 2 

FeO I 

MgO 2 

CaO 3 

Na.0 3 

to 3 


71         HaO+ 1. 10 

82      TiOa 61 

31         PaO, 18 

48      MnO 18 

43      BaO 10 

86      SrO OS 

^^  Total 99.68 

NORM  AND  MODE  OF  VARIETY  A 

The  norm  of  A  calculated  from  the  analysis  is  given  in  column 
I  of  the  table  below.  The  mode  is  given  in  column  II .  According  to 
the  quantitative  classification  this  rock  is  adamellose.  Its  chemical 
composition  closely  resembles  that  of  a  quartz-mica-diorite,  occurring 
m  a  stock  at  Crandall  Basin,  Hurricane  Ridge,  Yellowstone  National 
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Park,  described  by  Mr.  Iddings.'  It  also  resembles  that  of  a 
homblendc-mica-porphyry  from  CliflF  Creek,  West  Elk  Mountains, 
Colorado,  described  by  Dr.  Whitman  Cross,"  and  a  mica-diorite 
from  Lippenhof,  N.  Tryberg,  Schwartzwald,  Baden,  described  by 
Dr.  G.  H.  Williams.3 

I.    Norm  n.    Mode 

Quartz i9-5o  Quartz 22.9 

Orthoclase 20.57  Orthodase 17.8 

Albite 32 -49  Albite 30. 7 

Anorthite 12.51  Anorthite 10.3 

Hypersthene 4.80  Hornblende 9.7 

Diopside 3.02  Biotite 4.2 

Magnetite 3 .02  Magnetite  and  Ilmenite 4.1 

Umenite 1.22  Apatite 0.3 

Hematite 0.80  rj.^^ ^^^ 

Apatite 0.34 

98.27 

Water 1.41 

Total 99.68 

VARIETY  B.      HARTZOSE:    GRANODIORTTE- PORPHYRY 

At  the  eastern  edge  of  the  stock  about  30  rods  north  of  the  wagon 
road  from  Cowles  to  the  Yellowstone  Park  a  small  tongue  extends  from 
the  stock  into  gneiss.  The  specimen,  taken  28  yards  south  of  the 
northern  edge  of  this  tongue,  is  dark  gray,  fine-grained,  and  contains 
numerous  phenocrysts  of  yellow  feldspar,  together  with  a  smaller 
number  of  phenocrysts  which  appear  from  their  form  to  be  horn- 
blende, but  which  in  some  cases  have  the  luster  and  cleavage  of  mica. 

Under  the  microscope  the  groundmass  of  the  rock  is  seen  to  be 
composed  of  small  interlocking  anhedra  of  poikilitic  quartz  and 
alkali  feldspar,  a  large  number  of  minute  pyroxene  prisms,  and  a 
few  anhedra  of  magnetite,  plagioclase  (oligoclase-andesine),  and 
biotite.  The  porphyritic  bodies,  which  in  hand  specimens  appear 
to  be  crystals  of  single  minerals,  are  found  to  consist  of  several  minerals. 
These  aggregations  are  of  two  kinds:  those  composed  mainly  of 
feldspar,   and  those  composed  mainly  of  ferromagnesian  minerals. 

«  Mon.  XXXII,  U.  S.  Geological  Survey,  p.  261,  1889. 

»  Fourteenth  Annual  Reporty  U.  S.  Geological  Survey,  Part  II,  p.  227,  1894. 

3  Neues  Jahr.,  Band  II,  p.  624,  1883. 
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The  outlines  of  the  sections  of  feldspar  aggregates  are  for  the  most 
part  irregular  but  some  are  those  of  feldspar  crystals.  They  vary 
from  0.3™°*  to  1.5™™  in  length.  The  matrix  of  the  feldspar 
aggregates  is  mainly  orthoclase  and  included  within  it  are  minute 
bodies  of  plagioclase,  some  approaching  idiomorphism  and  showing 
both  Carlsbad  and  albite  twinning.  They  are  from  o.i  to  0.2"™ 
long,  and  are  oligoclase-andesine.  They  penetrate  one  another 
most  complexly.  The  plagioclase  crystals  of  the  aggregates  do  not 
lie  entirely  within  the  outlines  of  the  orthoclase,  but  along  its  edges 
they  penetrate  the  groundmass  of  the  rock.  The  amount  of  plagio- 
clase in  the  aggregates  varies  from  10  per  cent,  to  90  per  cent,  of  the 
whole,  and  the  quantity  of  orthoclase  is  reciprocal  with  that  of  the 
plagioclase.  The  other  aggregates,  composed  mainly  of  ferromagne- 
sian  minerals,  in  some  cases  have  outlines  which  strongly  suggest  the 
crystal  form  of  hornblende.  These  aggregates  are  composed  of 
mica,  pyroxene,  magnetite,  feldspar,  quartz,  and  apatite,  but  the 
proportion  of  these  constituents  varies  greatly  in  different  cases. 
In  most  sections  of  these  aggregates,  cut  parallel  to  the  c  axis  of 
hornblende,  the  minerals  are  arranged  in  rows,  while  in  oblique 
sections  and  in  those  cut  across  the  prism,  the  arrangement,  some- 
times roughly  concentric,  is  usually  quite  irregular.  The  description 
of  a  typical  section  parallel  to  the  c  axis  follows.  It  is  0.9°*°*  long 
and  0.4"™  wide,  and  is  composed  of  mica,  magnetite,  feldspar, 
pyroxene,  and  quartz;  mica  and  magnetite  being  most  abundant. 
There  are  four  belts  parallel  to  c  each  about  o.i°*°*  wide;  two  of 
these  are  composed  chiefly  of  mica,  while  the  alternate  two  are  chiefly 
magnetite.  All  the  minerals  within  the  aggregate  are  of  small  size, 
though  the  mica  flakes  are  larger  than  the  anhedra  of  other  minerals. 
They  are  in  various  optical  orientations;  a  little  quartz  and  feldspar 
are  present  in  all  of  the  belts.  Rimming  these  belts  of  mica  and 
magnetite  is  a  colorless  border  consisting  of  very  minute  anhedra  of 
feldspar.  It  is  0.012™™  wide,  and  has  the  outline  of  a  previous  crystal. 
Beyond  this  is  a  fringe  of  minute  pyroxene  crystals  which  approach 
idiomorphism,  and  interspersed  with  these  there  is  a  small  quantity 
of  allotriomorphic  feldspar.  The  inner  outline  of  this  fringe  is  very 
definite  and  sharp  but  the  outer  border  is  very  irregular.  Many  of 
the  crystals  of  pyroxene  join  the  border  of  feldspar  at  right  angles. 
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are  partially  concealed  by  detrital  material.  In  appearance  the  dike 
rocks  are  dark  and  cither  aphanitic  or  contain  inconspicuous  pheno- 
crysts  of  augite,  feldspar,  and  olivine.  Under  the  microscope  they  show 
a  considerable  range  of  composition.  The  basalt  dikes  have  a 
microcrystalline  groundmass  containing  a  large  number  of  lath- 
shaped  labradorite  crystals  which  flow  around  larger  phenocrysts 
of  augite  and  olivine.  Hornblende  phenocrysts  are  present  in  some 
thin  sections.  In  the  less  basic  dikes,  the  andesites,  the  groundmass, 
sometimes  glassy,  contains  a  smaller  amount  of  plagioclase  and 
augite.  Hornblende  is  more  abundant  than  in  the  basalt  dikes. 
Some  thin  sections  show  numerous  large  andesine  phenocrysts. 
Some  of  the  dikes  can  be  traced  into  the  Haystack  stock,  though 
none  of  them  crosses  it.  Probably  many  of  them  are  connected  with 
it  in  depth. 

PETROGRAPHY  OF  HAYSTACK  STOCK 

Relation  to  other  rocks. — The  Haystack  stock  occupies  the  greater 
part  of  Haystack  Basin,  extending  eastward  nearly  to  the  East  Fork 
of  the  Boulder  River.  A  long  arm  trends  westward  from  Haystack 
Peak  for  nearly  a  mile  and  crosses  the  West  Fork  of  the  Boulder 
River;  another  arm  extends  northwest  to  the  western  sptir  of  Baboon 
Mountain.  Its  outcrop  altogether  occupies  an  area  of  about  two  and 
one-half  square  miles.  The  stock  cuts  through  the  crystalline  schists, 
the  Cambrian  sedimentary  rocks  with  intruding  sills,  and  the  early 
acid  breccia.  There  is  no  evidence  that  the  Cambrian  beds  were 
turned  up  by  the  intrusion,  for  wherever  they  outcrop  near  the  stock, 
their  attitude  is  approximately  uniform  and  they  dip  southwestward 
at  low  angles  near  the  stock  in  the  same  manner  as  at  some  distance 
away  from  it. 

The  western  arm  of  the  stock  is  closely  related  to  a  fault  which 
extends  westward  from  the  north  spur  of  Haystack  Peak  and  crosses 
the  Boulder  River  at  an  elevation  of  about  7,900  feet.  North  of  the 
fault  the  Cambrian  sediments  occur  some  600  feet  above  the  stream 
bed  on  both  sides  of  the  Boulder  River.  South  of  the  fault  the  Cam- 
brian is  wanting  and  the  breccia  is  the  lowest  formation  exposed. 
The  minimum  throw  of  the  fault  at  this  point  is  600  feet.  So  far  as 
known,  the  Haystack  magma  did  not  penetrate  the  shaly  beds  between 
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the  Cambrian  quartzite  and  the  limestone.  The  sills  in  the  Cambrian 
are  characteristic  of  this  formation  over  wide  areas  and  are  not  to  be 
regarded  as  apophyses  of  the  Haystack  stock;  further,  they  are  more 
siliceous  in  composition  than  the  average  of  the  stock,  and  they  are 
thicker  away  from  the  stock  than  near  it. 

There  is  no  conclusive  evidence  that  the  Haystack  stock  ever 
reached  the  surface.  It  is  of  later  age  than  the  acid  breccia,  and 
appears  to  have  extended  to  near  the  top  of  this  formation,  but  it 
may  have  been  deeply  buried  under  the  basic  breccia,  which  has  a 
thickness  of  2,000  feet  or  more  in  Hell  Roaring  Creek  near  by.  Since, 
however,  its  composition  is  near  that  of  the  basic  breccia,  it  is  possible 
that  it  formed  a  channel  through  which  a  portion  of  this  breccia 
reached  the  surface. 

Appearance. — The  peripheral  facies  of  the  Haystack  stock  is  dark, 
fine-grained,  and  contains  a  few  inconspicuous  anhedra  of  feldspar 
and  biotite.  A  short  distance  toward  the  center  from  the  periphery, 
it  becomes  of  lighter  color  and  coarse  grain^  and  is  composed  of 
feldspar,  quartz,  hornblende,  and  mica.  Still  farther  from  the  border, 
it  becomes  much  more  coarsely  crystalline,  of  darker  color,  and  is 
composed  of  biotite,  pyroxene,  and  magnetite.  In  the  more  basic 
facies  of  the  central  portion  of  the  stock  the  ferro-magnesian  minerals 
approximately  equal  the  light-colored  constituents.  The  various 
facies  grade  one  into  the  other  except  in  rare  cases  where  locally  there 
is  a  rather  sharp  contact  between  them.  A  notable  example  occurs 
near  the  wagon  road  a  few  rods  south  of  the  divide  between  West 
Basin  Creek  and  East  Basin  Creek,  where  dark  gabbro  of  medium 
grain  appears  to  cut  the  coarser,  lighter  gabbro,  but  a  few  feet  away 
from  this  contact  these  two  rocks,  traced  continuously  between, 
grade  into  each  other  as  elsewhere.  The  various  rocks  of  the  stock 
are  always  massive,  and  do  not  show  evidence  of  mashing.  Near 
the  border  a  few  fragments  of  surrounding  rocks  are  present,  but 
these  are  rare  or  wanting  in  the  interior  of  the  stock.  There  has  been 
fracturing  since  the  solidification  of  the  stock  and  it  is  traversed  by 
joints  in  several  directions.  Along  some  of  these  fractures  the  sur- 
rounding rock  is  extensively  altered,  but  this  alteration  is  local  and 
the  rocks  of  the  stock  are  for  the  most  part  fresh. 

At  a  number  of  localities  veins  of  coarse-grained  granite  cut  the 
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of  the  stock,  south  of  the  summit  of  Baboon  Moimtain  (see  Fig.  3) 
is  given  below. 


ANALYSIS  OF  VARIETY  C.      GEO. 


SiO, 57.98 

Al,03 17.01 

Fe.03 3.34 

FeO 3.34 

MgO 2.74 

CaO 7.35 

NaaO 3.92 

KaO 2.02 

H,0- 14 


STEIGER,   ANALYST 

H,0+ 49 

90 

•      -43 


TiO,. 

P.O5. 

NiO 

MnO. 

BaO.. 

SrO.. 


.trace 
.12 
.06 
.02 


Total 99.86 


The  norm  of  C  calculated  from  the  analysis  is  given  in  column 
I  of  the  table  below,  the  mode  in  column  II. 

n.    Mode 

Quartz 12. i 

Orthoclase 9.7 


I.    Norm 

Quartz 10.38 

Orthoclase 11 .68 

Albite 33  -oi 

Anorthite 23 .07 

Hypersthene 4. 71 

Diopside 8.64 

Magnetite 4.87 

Ilmenite i  .67 

Apatite i.oi 

Water 0.63 


Albite 31 . 2 

Anorthite 20.8 

Pyroxene 13 . 5 

Biotite 6.7 

Magnetite  and  Ilmenite 4.9 

Apatite i.i 

Total 100. o 


Total 99  •  72 

According  to  the  quantitative  classification  this  rock  is  a  tona- 
lose  and  its  chemical  composition  very  closely  resembles  that  of  a 
homblende-augite-andesite  from  the  Wind  River  Plateau,  Yellowstone 
National  Park,  described  by  Hague  and  Jaggar,^  and  a  diorite  from 
Captains  Bay,  Unalaska  Island,  Alaska,  described  by  G.  F.  Becker.' 
It  is  similar  in  composition  to  a  large  number  of  rocks  from  nearly 
every  continent,  being  one  of  the  commonest  types  known.  It  is 
very  close  to  Clark's  average  rock  for  the  United  States,  but  exceeds 
it  slightly  in  alumina,  lime,  and  titania,  and  contains  a  little  less 
magnesia  and  potash.^ 

»  Bulletin  iVo.  i68,  U.  S.  Geological  Survey,  p.  96. 
»  Bulletin  No.  148^  U.  S.  Geological  Survey,  p.  232. 
3  Bulletin  No.  ySy  U.  S.  Geological  Survey,  p.  37. 
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VARIETY  D,      MONZANOSE:    QUARTZ-BEARING  ORTHOCLASE-GABBRO 

Toward  the  interior  of  the  stock  the  proportion  of  ferromagnesian 
minerals  increases  and  the  rock  becomes  more  coarsely  crystalline. 
The  specimen  described  is  a  grayish-brown  gabbro  occurring  about 
halfway  betweeen  Mud  and  Blue  Lakes,  and  is  composed  chiefly  of 
feldspar,  pyroxene,  and  biotite. 

Under  the  microscope  the  following  minerals  are  seen  to  be  present 
and  are  mentioned  in  the  order  of  abundance :  plagioclase,  orthoclase, 
augite,  hjrpersthene,  magnetite,  biotite,  quartz,  serpentine,  and 
apatite. 

Plagioclase  occiurs  in  nearly  idiomorphic  crystals.  Carlsbad 
twins  about  i"™  long  are  common,  and  some  crystals  show  zonal 
structure.  Both  andesine  and  labradorite  are  present.  Minute 
dust-like  opaque  bodies  and  larger  ones  of  brown  glass,  with  a  little 
apatite,  pyroxene,  and  magnetite,  are  included  in  the  plagioclase. 
Orthoclase  and  quartz,  micrographically  intergrown,  fill  the  inter- 
stices between  other  minerals.  Augite  is  more  abundant  than 
h)rpersthene. 

Biotite  occiurs  as  plates  up  to  3°^"^  in  length,  partly  altered  to 
hydro-biotite.  An  analysis  of  biotite  separated  from  D  is  given 
below.    Magnetite,    highly   titaniferous,   is    included   in  the  other 

ANALYSIS  OF  BIOTITE  FROM  VARIETY  D.      GEO.   STEIGER,   ANALYST 
SiOa 33.07        NaaO 0.28 

AlaOj 13.00  KaO 6.  II 

FcOj 17.22*     HaO- 5 .41 

FeO not  detf      H,0+ 11 .61 

MgO II  .33  

CaO 2.45  Total 100.48 

♦CoauiM  teroos  iron  P.Os  and  TiO*.  tDetermined  as  Fe.Oj. 

minerals,  and  is  especially  abundant  in  the  ferromagnesian  con- 
stituents. A  little  serpentinized  olivine  is  present.  Long  prisms 
of  apatite  show  a  tendency  to  parallelism.  The  order  of  crystallization 
was  as  follows:  (i)  Apatite  and  magnetite;  (2)  Plagioclase  and  the 
ferromagnesian  silicates;  (3)  orthoclase  and  quartz.  Feldspar  is 
slightly  kaolinized,  hypersthene  is  partly  altered  to  bastite,  biotite  to 
hydro-biotite,  olivine  to  serpentine.  An  analysis  of  D  from  a  speci- 
men taken  midway  between  Mud  and  Blue  Lakes  (see  Fig.  3)  is  as 
follows: 
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ANALYSIS  OF  VARIETY  D.  GEO.   STEIGER,   ANALYST 

SiOa 54.84  H,0- 

Al,03 16.41  H,0-f 

Fe,03 363  TiO, 

FeO 4.54  PaOs 

MgO 4.71  BaO 

CaO 6.64  SrO 

Na.0 3.27 

KaO 2.83 


Total 99 


34 
93 
99 
35 
12 

05 


65 


The  norm  of  D  is  shown  in  column  I  of  the  foDowing  table; 
the  mode  in  column  II. 

I.    Norm  U.    Mode 

Quartz 4.68      Quartz 6.8 

Orthoclase .16.68      Orthodase 15.4 

Albite 28.30      Albite 27.5 

Anorthite 21.41      Anorthite 19.7 

Hypersthene 11 .87      Pyroxene 19.5 

Diopside 7.32      Olivine  and  Serpentine 0.5 

Magnetite 5.34      Biotite 4.6 

Smenite i  .98      Magnetite  and  Ilmenite 5.2 

Apatite i .01      Apatite 0.8 


Total. 


Water 1.27 

Total 99.84 

According  to  the  quantitative  s)rstem,  variety  D  is  a  monzonose. 
It  is  less  siliceous  than  those  previously  described  and  is  chemically 
similar  to  an  augite-andesite-porphyry  from  the  Indian  Creek 
laccolith,  Yellowstone  National  Park,  described  by  Mr.  Iddings,* 
and  to  a  diorite  from  Mt.  Ascutney,  Vt.,  described  by  Mr.  R.  A.  Daly.* 

VARIETY  E.      SHOSHONOSE:    ORTHOCLASE-GABBRO 

This  variety  occurs  about  a  half-mile  northeast  of  the  summit  of 
Haystack  Peak  and  a  quarter-mile  west  of  Mud  Lake,  or  about 
halfway  between  the  western  shore  of  this  lake  and  the  north  spur 
of  Haystack  Peak.  It  is  a  dark,  coarse-grained  gabbro  in  which 
feldspar,  pyroxene,  and  biotite  are  visible  in  hand  specimen,  the 
ferromagnesian  minerals  constituting  about  one-third  of  its  volume. 

Under  the  microscope  the  texture  is  seen  to  be  h3rpidiomorphic 
granular;  plagioclase  and  pyroxene  approach  idiomorphism;  ortho- 

X  Mon.  XXXII,  U.  S.  Geological  Survey,  p.  83. 
»  BuUelin  No.  148,  U.  S.  Geological  Survey,  p.  69. 
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clase  and  quartz  are  poikflitic  with  respect  to  the  other  constituents. 
The  minerals  present  in  order  of  abundance  are:  andesine,  augite, 
orthoclase,  hypersthene,  magnetite,  biotite,  quartz,  apatite,  and  olivine. 
Andesine  occurs  in  prisms  from  i  to  2°*°*  long  and  about  0.3"" 
wide,  and  commonly  as  carlsbad  twins.  Orthoclase  occurs  as  a 
matrix  for  plagioclase  and  the  ferromagnesian  minerals,  filling  the 
angular  interstices  between  them.  Quartz  is  present  only  as  a 
micrographic  intergrowth  with  orthoclase.  Augite,  pale  violet-buflF, 
occurs  as  anhedra  from  0.5  to  1.5"*°*  long.  Hypersthene  is  of  the 
same  size  and  is  pleochroic,  green  parallel  to  t,  and  reddish  yellow 
parallel  to  a  and  b.  Both  p3TOxenes  contain  minute  bodies  of  mag- 
netite, biotite,  and  apatite,  and  a  little  serpentinized  olivine,  which 
taken  together  equal  about  2  per  cent,  of  the  mineral.  An  analysis 
of  a  mixture  of  the  two  pyroxenes  is  given  below.  In  the  preparation 
of  the  sample  the  crushed  and  sized  minerals  were  separated  by 
Thoulet's  heavy  solution.  The  portion  of  the  rock  which  came  down 
at  a  specific  gravity  of  3.1,  the  maximum  specific  gravity  of  the 
solution,  included,  besides  the  p)Toxenes,  magnetite  and  bodies 
composed  of  magnetite  and  feldspar  or  pyroxene  and  feldspar. 
Those  particles  in  which  there  was  a  considerable  proportion  of 
magnetite  were  removed  with  the  magnet,  and  the  remainder  was 
treated  with  acid  to  remove  small  adhering  particles  of  magnetite 
from  the  pyroxene.  The  resulting  nearly  pure  pyroxene  was  recrushed, 
resized,  and  passed  through  the  solution  again,  after  which  the  treat- 
ment with  the  acid  was  repeated.  .         v! 

ANALYSIS  OF  PYROXENES  FROM  VARIETY  E.  GEO.  STEIGER,  ANALYST 


Mdectilar 
Proportion 

Diopnde 

Soda 
Pyroxene 

Alumina 
Pyroxene 

Hvpers- 
tnene 

Quartz 

SiO, 

AlaOj 

FC03 

FcO 

MgO 

CaO 

Na,0 

TiO 

MnO 

5095 
2.72 

13-87 
15  58 

"39 
0-3I 
1.42 
0.26 

+TiO. 

867 

26 

II 

197 

390 

+MnO 

204 

5 

408 

69 
135 

204 

20 
5 

5 

32 
21 
II 
II 
21 

351 

117 
234 

54 

Total 

98.19 
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To  ascertain  the  relative  amounts  of  hypersthene  and  augite 
the  following  ideal  compositions  for  the  two  pyroxenes  were 
assumed : 

Hypersthene  (Mg,  Fe)0  •  SiO, 

/  (a)  CaO  •  (Mg,  Fe)0  •  2SiOa 
Augite    (6)  NaaO  •  Al.Oa  •  4SiO, 

(c)  (Mg,  Fe)0  •  (Al  Fe),03  •  SiO, 

In  the  adjustment  the  TiO,  was  regarded  as  isomorphous  with 
SiOa  and  the  MnO  isomorphous  with  FeO.  A  quantity  of  silica 
amounting  to  3. 24  per  cent,  cannot  be  accounted  for  by  any  probable 
adjustment,  and  it  may  have  resulted  from  decomposition  of  adhering 
feldspar  after  treatment  with  acid,  the  insoluble  silica  remaining 
behind.  In  the  hypersthene,  iron  :  magnesia  as  i  :  2.  In  the  augite, 
diopside  (a) :  soda  pyroxene  (b) :  aluminous  pyroxene  (c)  as  204  :  5  :  32. 
With  this  adjustment  of  molecules  the  proportion  of  the  two  pyroxenes 
as  they  occur  in  the  specimen  gives: 

Hypersthene 38.84 

Augite 56.12 

Quartz 3 .  24 

Total 98.20 

Hypersthene  is  40.91  per  cent,  of  the  pyroxene,  and  augite  59.09 
per  cent,  of  the  pyroxene. 

Biotite  is  present  as  irregular  plates,  and  magnetite  occurs  as 
bodies  up  to  0.8°^°*  in  diameter.  Apatite  occurs  as  prisms  iu  all 
the  other  minerals.  The  order  of  crystallization  was  the  same  as 
in  D.  The  chemical  analysis  of  E,  taken  one  quarter-mile  west 
of  Mud  Lake  (see  Fig.  3)  is  as  follows : 

ANALYSIS   OF  VARIETY  E.      GEO.   STEIGER,   ANALYST 

SiOa 5409  H,0— 0.20 

Al.Oj 16.00  HaO+ 0.77 

FeaOj 2.92  TiOa 0.99 

FeO 5. 54  P.O5 0.35 

MgO 5.19  MnO o.is 

CaO 7.37  BaO o.io 

NaaO 3.38  SrO 0.06 

KaO 2.67  Total 99.78 
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The  norm  of  E,  calculated  from  the  analysis,  is  given  in  column  I 
of  the  following  table,  the  mode  in  colimm  II. 

I.     Norm  n.    Mode 

Quartz 1.56      Quartz 3.7 

Orthoclase 16.12      Orthoclase 13.2 

Albite 28.82      Albite 26.5 

Anorthite 20.29      Anorthite 18.9 

Hypeisthene 13. 88      Pyroxene 28.8 

Diopside 11 .22      Olivine  and  Serpentine 0.3 

l^lagnetite 4. 18      Biotite 3.1 

Dmenite i  .98      Magnetite  and  Ilmenite 4.8 

Apatite i.oi      Apatite 0.7 

Water ._o^  Total ^^^o 

Total 100.03 

Variety  E  is  among  the  most  basic  of  the  Haystack  rocks,  and, 
according  to  the  quantitative  system  of  classification,  is  a  shoshonose. 
It  is  closely  similar  to  a  diorite  from  Rock  Creek,  Crazy  Mountains, 
Mont.,  described  by  Mr.  J.  E.  WolflF,'  and  to  a  large  number  of 
shoshonites  from  the  Yellowstone  National  Park,  described  by  Mr. 
Iddings."  It  is  a  little  lower  in  potash  than  these  rocks  and  richer 
in  the  ferromagnesian  constituents. 

VARIETY  F.      HESSOSE:    OLIVINE-GABBRO 

This  variety  is  a  dark  gray,  coarsely  crystalline  olivine-gabbro  which 
occurs  near  the  center  of  the  stock.  The  specimen  was  taken  near 
the  base  of  the  cliff  southwest  of  Mud  Lake.  It  is  the  most  basic 
variety  of  the  stock  and  is  composed  of  feldspar,  p)Toxene,  biotite, 
and  olivine,  the  ferromagnesian  minerals  constituting  about  two-fifths 
of  the  whole. 

Under  the  microscope  the  texture  of  the  rock  is  hypidiomorphic 
granular,  and  the  following  minerals,  named  in  relative  order  of 
abundance,  are  present:  labradorite,  augite,  hypersthene,  olivine, 
orthoclase,  magnetite,  biotite,  and  apatite.  Labradorite  occurs  as 
crystals  about  1^^  long,  approaching  idiomorphism,  and  is  twinned 
according  to  albite  and  carlsbad  laws.  Orthoclase,  containing  a 
little  graphic  quartz,  is  present  as  irregular  bodies,  filling  interstices 
between   other  minerals.    The  pyroxenes  occiir  as  anhedra  from  J 

«  BtUJeUn  No.  148,  U.  S.  Geological  Sitfvey,  p.  144. 

» Journal  of  Geology,  Vol.  Ill,  and  Bulletin  No.  168,  U.  S.  Geological  Survey. 
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to  2"*"  long  and  include  a  considerable  amount  of  magnetite  and 
minute  particles  of  olivine  and  biotite.  Olivine  occurs  as  rounded 
or  irregular  bodies,  in  part  included  in  p)TOxene.  It  is  partly  altered 
to  serpentine  which  either  replaces  the  olivine  completely,  or  occurs 
along  its  cracks.  The  fibers  of  the  serpentine  are  parallel  and  not 
perpendicular  to  the  boimdaries  and  cracks  of  olivine.  Biotite 
siuTounds  magnetite  and  is  partially  altered  to  chlorite.  Small 
irregular  grains  of  magnetite  are  present,  wholly  or  partially  included 
in  the  ferromagnesian  minerals.  The  feldspar  is  almost  free  from 
magnetite.  Apatite  prisms  are  included  in  all  the  other  minerals. 
A  small  amount  of  calcite  is  present. 

The  order  of  crystallization  is  as  follows:  (i)  Olivine,  apatite, 
and  some  magnetite;  (2)  some  labradorite,  pyroxene,  more  magnetite, 
and  biotite;  (3)  more  labradorite;  (4)  orthodase  and  quartz.  An 
analysis  of  F,  from  a  specimen  taken  near  the  base  of  the  cliflF 
southwest  of  Mud  Lake  (see  Fig.  3)  is  as  follows: 

ANALYSIS  OF  VARIETY  F.      GEO.   STEIGER,   ANALYST 
SiOa 47-87        HaO+ I.2S 

Al.Oi 16.34  TiOa 1.02 

Fe,0., 3.59  CO, 44 

FeO 7.17  PaOs 41 

MgO 7.80  NiO 02 

CaO IO-33  MnO 14 

NaaO 2.43  BaO 03 


K,0 92 

HaO- 28 


Total 100.04 


The  norm  of  F  calculated  from  the  analysis  is  given  in  column  I 

of  the  following  table;  the  mode  in  column  II. 

I.    Norm  n.    Mode 

Quartz o      Quartz o 

Orthodase 5.56      Orthodase 4.9 

Albite 20 .  44     Albite 19. 2 

Anorthite .30.86      Anorthite 26.7 

Hypersthene 12 .00      Pyroxene 30.9 

Diopside 14 •  34      Olivine  and  Serpentine 6.8 

Olivine 6.72      Biotite 4.5 

Magnetite 5.34      Magnetite  and  Ilmenite 5.8 

Ilmenite i .98      Apatite 1.2 

Apatite i.oi  Total .100.0 

Water 1.53 

Total 99.78 
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Variety  F  is  the  most  basic  of  the  Haystack  rocks,  and,  according  to 
the  quantitative  classification,  is  hessose.  In  composition  it  resembles 
an  olivine-basalt  from  Franklin  Hill,  Plumas  County,  California, 
described  by  Mr.  H.  W.  Turner,'  an  augite-diorite  from  Stony  Moun- 
tain, Ouray  Coimty,  Colorado,  described  by  Dr.  Whitman  Cross,*  and  a 
basalt  from  Prospect  Peak,  Yellowstone  National  Park,  described  by 
Mr.  Iddings.3 

ChemicalvariaHon  0} varieties. — The  analyses  of  the  six  varieties  are 
given  in  the  table  below.    The  combining  molecules  of  the  rocks  which 

ANALYSIS  OF  TYPES  OF  HAYSTACK  STOCK.    GEO.  STEIGER,  ANALYST 


B 


SiO, 

Al,03.... 
Fc,03.... 

FeO 

MgO 

CaO 

NaaO. . . . 

K,0 

HaO-... 
H,0+ ... 

TiOa 

CO, 

PaOs 

NiO 

MnO 

BaO 

SrO 

Total 


65.06 

14.71 

2.82 

2.48 

3-43 
3.86 

348 

0-31 
1. 10 
0.61 


64.09 
16.20 
2.61 
2.40 
2.06 
451 
3.88 
2.51 
0.22 
0.44 
0.49 


57.98 
17.01 

3.34 
3-34 
2.74 

7.35 
392 
2.02 
0.14 
0.49 
0.90 


54.84 
16.41 
3.63 
4-54 
4-71 
6.64 
327 
2.83 
0.34 

0-93 
0.99 


54.09 

16.00 

2 

5 


0.18 

0.18 
o.io 
0.05 


0.24 

0.09 

0.15 
0.03 


0.43 
trace 
0.12 
0.06 
0.02 


0-35 


0.12 
0.05 


92 
54 
5.19 
7-37 
3.38 
2.67 
0.20 
0.77 
0.99 


0-35 

0.15 
0.10 
0.06 


47.87 
16.34 

3.59 
7.17 
7.80 

10.33 
2.43 
0.92 
0.28 

1.25 
1.02 

0.44 
0.41 
0.02 
0.14 
0.03 


99.68 


99.92 


99.86 


9965 


99.78 


100.04 


have  been  analyzed,  arranged  according  to  the  increase  of  silica, 
are  shown  in  Fig.  2.  Silica  is  platted  as  the  abscissa  and  798  com- 
bining molecules  are  taken  as  an  initial  point.  The  alkalies,  alkali 
earths,  alumina,  and  iron  are  taken  as  ordinates.  The  diagram 
shows  graphically  the  irregularity  in  the  variation  of  the  oxides. 
Alumina  shows  little  variation,  about  the  same  quantity  being  present 
in  all  analyses.  Its  total  range  of  variation  is  but  23  molecules. 
The  granodiorite  A  is  least  aluminous.  None  of  the  oxides  vary 
directly  or  inversely  with  alumina,  which  is  higher  than  any  of  the 

X  Seventeenth  Annual  Report,  U.  S.  Geological  Survey,  Part  I,  p.  734. 
»  Bulletin  No.  148,  U.  S.  Geological  Survey,  p.  180. 
3  lion.  XXXII,  U.  S.  Geological  Survey,  p.  438. 
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other  oxides  except  silica  and  lime  and  magnesia,  at  the  basic  end  of 
the  diagram.  Ferrous  and  ferric  iron  are  in  a  measure  inversely 
proportional  to  each  other,  an  increase  in  one  usually  beiug  accom- 
panied by  a  decrease  in  the  other.  The  total  amoimt  of  iron  decreases 
irregularly  to  the  more  siliceous  end  of  the  series.  Magnesia  also 
decreases  rapidly  as  the  silica  increases  and  this  decrease  more 
nearly  agrees  with  that  of  the  ferrous  than  of  the  ferric  iron.    Lime, 


^  jT 


7pe 


i^ma 


Fig.  2. — Chemical  variation  of  types  of  the  Haystack  stock. 


like  magnesia,  decreases  steadily  from  the  less  siliceous  toward  the 
more  siliceous  end  of  the  series,  but  increases  slightly  iu  the  grano- 
diorite  at  the  extreme  end.  The  soda,  low  iu  F,  iucreases  gradually 
and  steadily  to  B,  and  falls  slightly  in  A.  Potash  increases  very 
irregularly  to  the  more  siliceous  end  of  the  diagram.  The  alkalies 
vary  neither  directly  nor  reciprocally  with  each  other,  though  both 
increase  with  silica. 

Mr.  H.  S.  Washington,^  in  discussing  the  differentiated  complex 
at  Magnet  Cove,  Ark.,  ranges  six  analyses  in  order  of  ascending 
silica.    In  his  diagram  with  but  one  exception  the  oxides  increase 

<  Bulletin  of  the  Geological  Society  of  America,  Vol.  XI,  p.  404. 
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or  decrease  with  the  silica.  The  variations  of  the  oxides  in  the 
Haystack  series,  with  respect  to  silica  and  to  each  other,  are  much 
less  regular  than  is  the  series  at  Magnet  Cove.  This  is  well  illustrated 
by  the  crossing  descending  lines  in  the  diagram. 

Probable  average  composition  0}  stock. — ^The  average  composition 
of  the  six  analyzed  varieties  of  the  Haystack  stock  is  as  follows : 

AVERAGE  CHEMICAL  COMPOSITION  OF  THE  SIX  ANALYZED  VARIETIES 

SiO, 57.32      H,0+ 0.83 

AlaOj 16. II      TiOa 0.83 

FeA 3.15      CO, 0.07 

FcO 4.05      P.Os 0.33 

MgO 4.16      MnO o.ii 

CaO 6.61      BaO 0.09 

NaaO 3.46      SrO 0.03 

K,0 2.40  

H,0- 0.2s  Total 99.80 

NORM   OF   THE  AVERAGE  OF  THE  SIX   ANALYZED   VARIETIES 

Quartz 8.58      Magnetite 4.41 

Orthoclase 14.46      Umenite 1.52 

Albite 29.34      Water i  .08 

Anorthite 21.13      Fluorine 0.67 

Diopside 8.51  

Hypeisthene io-37  Total 100.07 

This  is  probably  very  close  to  the  average  composition  of  the  stock, 
and  is  perhaps  as  good  an  estimate  as  could  be  made  with  the  data 
at  hand.  Its  composition  closely  resembles  that  of  a  large  number 
of  orthodase-gabbro-diorites,  andesites,  and  related  rocks  from 
Crandall  Basin  and  Sepulcher  Moimtains,  described  by  Mr.  Iddings,* 
a  number  of  monzonites  and  andesites  from  Colorado,  described  by 
Dr.  Whitman  Cross,*  and  diorites  from  Mt.  Ascutney,  Vt.,  described 
by  Mr.  R.  A.  Daly.^  Of  the  Haystack  rocks  the  average  is  nearest 
C,  which  is  a  contact  fades  of  the  stock. 

Asymmetry  of  the  stock. — The  map  (Fig.  i)  shows  that  the  Hay- 
stack stock  is  asymmetrical.  The  stock  is  also  asymmetrical  with 
respect  to  its  composition.     Fig.  3  is  a  sketch  map  which  shows  the 

«  Man,  XXXII,  U.  S.  Geological  Survey,  Part  II. 
*  BuOetins  i  and  168,  U.  S.  Geological  Survey. 
3  Bulletin  148,  U.  S.  Geological  Survey,  p.  69. 
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location  of  the  rocks  analyzed.  The  most  basic  (F)  is  not  at  the 
center  of  the  stock,  but  southeast  of  it,  and  the  most  add  variety 
(A)  is  farther  from  F  than  the  edge  of  the  stock  in  several  other 
directions.  Moreover,  the  diorite  south  of  F  or  between  F  and  the 
border  toward  the  south  is  less  acid  than  A,  though  it  is  much  more 
acid  than  F.  It  will  hold  true,  however,  that  if  lines  are  drawn  to 
the  border  radiating  from  F,  the  composition  of  the  stock  along  these 
lines  becomes  gradually  more  acid,  though  at  different  rates,  and 


Fig.  3. — Outline  of  Haystack  stock.     The  letters  show  the  position  of  analyzed 
types. 

some  portions  of  the  periphery  are  more  acid  than  others.    The 

modes  of  the  six  varieties  are  tabulated  below,  A,  B,  and  C  are  the 

MODES  OF  VARIETIES  OF  HAYSTACK  STOCK 


B 


Quartz 

Orthoclase 

Albite 

Anorthite 

Hornblende 

Pyroxene 

Biotite 

Olivine  and  Serpen- 
tine  

Magnetite  and  Ilme- 
nite 

Apatite 


22.9 
17.8 
30-7 
IO-3 
9-7 

4.2 


4.1 
0-3 


21.8 
II. 7 
301 

II. 2 
4.8 


4.9 
0.4 


12. 1 

9.7 
312 
20.8 

13s 
6.7 


4-9 
I.I 


6.8 
15.4 
27.5 
19.7 

19.5 
4.6 

OS 

5-2 
0.8 


3-7 
13.2 
26.5 
18.9 

28  is 
31 

03 

4.8 
0.7 


4. 
19 
26. 

30 
4 


6.8 
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peripheral  acid  varieties,  while  D,  E,  and  F  are  the  basic  central 
varieties-  This  table  shows  that  quartz  is  present  m  the  outer  border 
of  the  stock  in  largest  amount,  and  decreases  toward  the  center  of 
the  stock.  Orthodase  is  present  in  every  case,  but  is  most  abundant 
m  the  fades  not  far  from  the  periphery.  Plagiodase  is  present  in 
approximately  the  same  amount  in  all  varieties,  but  is  more  calcic  in 
the  central  ones.  Pyroxene  is  least  abundant  near  the  periphery, 
and  most  abimdant  in  the  most  basic  facies  near  the  center  of  the 
stock.  Hornblende,  in  part  probably  secondary  to  pyroxene,  is 
relatively  abimdant  only  in  the  most  acid  portion  near  the  periphery. 
Olivine  is  abimdant  only  in  the  most  basic  varieties  near  the  center. 
Biotite  and  magnetite  are  fairly  uniform  in  quantity. 

The  order  of  crystallization  of  the  minerals  of  the  stock,  briefly 
summarized,  is  as  follows: 

1.  Apatite,  crystallized  first,  since  it  occurs  m  all  the  other  minerals. 

2.  The  ferromagnesian  minerals,  pyroxene,  hornblende,  biotite, 
magnetite,  and  olivine,  crystallized  early  but  mainly  after  apatite 
had  formed. 

3.  Plagiodase,  oystallized  after  apatite,  after  and  along  with 
the  ferromagnesian  minerals. 

4.  Orthodase  and  quartz,  oystallized  together  after  plagiodase 
and  the  ferromagnesian  minerals  had  formed. 

GRANITE   (OMEOSE)  VEINS  CUTTING  THE  HAYSTACK  STOCK 

Granite  veins  one-half  inch  to  six  inches  wide  cut  various  rocks 
of  the  Haystack  stock.  These  occur  at  the  base  of  the  cliff  of  the 
southeast  of  Blue  Lake,  on  the  southwestern  slope  of  Baboon  Moun- 
tain near  the  summit,  on  the  wagon  road  from  Cowles  to  the  Yellow- 
stone National  Park  about  two  hundred  and  fifty  yards  east  of  the 
di^^de  in  Haystack  Basin,  and  at  many  other  localities.  The  granite  is 
everywhere  from  medium  to  coarse-grained,  and  is  lighter  colored  than 
the  rock  it  cuts.  The  granite  is  composed  of  feldspar  and  quartz 
with  a  little  biotite  and  hornblende.  The  veins  do  not  appear  to  be 
persistent  in  length,  since  they  cannot  be  traced  continuously  for 
any  great  distance.  A  specimen  from  a  2-inch  vein  cutting  a  very 
dark  fine-grained  quartz-bearing  diorite  (C)  on  the  southwest  slope 
of  Baboon    Mountain   is  a  pinkish  gray,    medium-grained    rock. 
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Under  the  microscope  the  following  minerals  are  present  in  the  order 
of  their  abimdance:  alkali  feldspar,  quartz,  andesine,  magnetite, 
hornblende,  and  biotite.  The  alkali  feldspar  is  orthodase,  micro- 
perthitically  intergrown  with  albite,  and  occurs  as  anhedra  which 
reach  a  maximum  diameter  of  2.4™™.  Quartz  occxirs  as  irregular 
anhedra  of  equal  size  interlocking  with  orthodase  and  sometimes  as  a 
graphic  intergrowth.  A  small  amount  of  andesine  (Ab,  An,)  is 
present,  as  slender  laths  about  0.5"™  long.  These  laths  are  con- 
centrated along  the  margin  of  the  vein  and  in  many  cases  their  long 
axes  are  normal  to  the  contact.  Anhedra  of  magnetite  as  large  as 
0.5""  in  diameter,  fibrous  green  hornblende,  and  biotite  are  induded 
in  orthodase  and  quartz.    Biotite  is  slightly  altered  to  chlorite. 

The  contact  of  intruding  and  intruded  rock  is  sharp  in  the  hand 
specimen,  but  under  the  microscope  these  two  rocks  appear  to  grade 
into  each  other  within  a  zone  about  0.2™"*  wide.  In  this  zone 
some  of  the  quartz  of  the  intruding  rock  appears  to  have  attached 
itself  with  similar  optical  orientation  to  quartz  in  the  intruded  rock. 
In  the  crystallization  of  the  veins  magnetite,  hornblende,  biotite,  and 
plagiodase  were  formed  before  alkali  feldspar  and  quartz,  and  the 
latter  two  crystallized  synchronously.  Perhaps  all  of  the  minerals, 
except  alkali  feldspar  and  quartz  had  formed  before  the  intrusion, 
but  if  so  the  magma  must  have  been  very  fluid,  since  these  minerals 
do  not  show  flow  structiire  and  since  the  long  axes  of  the  plagiodase 
laths,  more  frequently  than  otherwise,  make  a  large  angle  with  the 
walls. 

The  composition  of  the  granite  veins  is  not  far  from  that  of  the 
micrographic  intergrowth  of  quartz  and  orthodase  which  solidified 
last  in  nearly  all  of  the  Haystack  rocks.  The  veins  were  probably 
formed  during  the  latter  stages  of  the  solidification  of  the  rocks  they 
cut,  and  may  represent  the  liquid  portion  of  the  magma  after  most  of 
the  plagiodase  and  nearly  all  of  the  ferromagnesian  minerals  had 
crystallized  out.  Even  the  smallest  veins  are  very  coarse  grained  and 
must  have  cooled  slowly.  This  suggests  that  they  were  intruded 
while  the  rock  which  they  cut  was  still  hot,  or  that  their  water  content 
was  sufiicicntly  high  to  permit  the  growth  of  large  crystals.  The 
cracks  they  fill  are  probably  shrinkage  cracks  formed  directly  after 
solidification  of  the  rock. 
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The  mode  of  the  granite  is  as  follows: 

Quartz 25.51      Biotite 2.78 

Alkali  feldspar 60. 70      Magnetite 3.50 

Andesine  (AbjAn,) 4.09  

Hornblende 3.42  Total 100.00 

From  this  mode  the  following  chemical  constitution  is  estimated : 

SiO, 70.38     CaO 75 

AlaOj 13  17      NaaO 2.10 

Fe,03 2.74      KaO 7.99 

FeO 1.87  


MgO 73  Total 99 .  73 

From  a  study  of  thin  sections  it  is  estimated  that  the  alkali 
feldspar  is  15. 17  albite  and  45.52  orthoclase  and  that  the  plagioclase 
is  andesine,  AbjAn,.  It  is  assumed  that  the  hornblende  is  chemically 
like  that  from  a  quartz-monzonite,  at  Mt.  Hoffman,  Colo.,  and 
that  the  biotite  is  chemically  like  that  from  a  granodiorite  at 
El  Capitan,  Yosemite  Valley,  Cal. 

The  norm  of  the  granite  vein  calculated  from  the  estimated  com- 
position is, 

Quartz 24. 50      Hypersthene 2 . 65 

Orthoclase 4726      Diopside 68 

Albite 17.82      Magnetite •  3-94 

Anorthite 2.78  Total 9967 

According  to  the  quantitative  classification  the  rock  is  omcose. 
In  composition  it  closely  resembles  a  granite  from  Currant  Creek 
Canyon,  Pike's  Peak,  Colo.,  described  by  Mr.  E.  B.  Mathews,'  a 
graphic  granite  from  Omeo,  Victoria,  described  by  Mr.  A.  W.  Howitt,' 
and  a  rhyolite  from  Round  Mountain,  Rosita  Hills,  Colo.,  described  by 
Dr.  Whitman  Cross.^  It  is  not  far  from  the  composition  of  micro - 
pegmatite  estimated  by  Mr.  J.  J.  H.  Teall  from  a  vein-cutting  diabase 
near  Kington.* 

GENESIS  OF  THE  ROCKS  OF  THE  STOCK 

The  gradational  character  of  the  various  rocks  of  the  Haystack 
stock  shows  that  it  is  geologically  a  unit  and  should  be  classed  with 

»  Bulletin  No.  148,  U.  S.  Geological  Survey. 

»  Transactions  of  the  Royal  Society  oj  Victoria,  Vol.  XXIV,  p.  120. 

3  Proceedings  of  the  Colorado  Scientific  Society,  Vol.  II,  p.  33. 

4  Briiish  Petrography ^  p.  401. 
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such  bodies  as  are  assumed  to  have  resulted  from  the  diflFerentiation 
of  a  single  magma.  The  various  rocks  must  be  regarded  as  essentially 
of  the  same  age,  sinc^  they  are  not  separated  by  sharp  contacts,  as 
is  the  case  where  an  igneous  rock  is  intruded  by  a  later  one. 

Gradational  series  of  rocks  have  been  recognized  and  described  by  a 
large  number  of  observers.  Those  who  have  attempted  to  explain 
the  phenomenon  are  in  the  main  agreed  that  the  differences  in  com- 
position have  been  brought  about  through  differences  of  temperature 
and  pressure,  or  by  the  direct  operation  of  gravity  during  crystalliza- 
tion. For  some  differentiated  bodies  it  is  assmned  that  these  pro- 
cesses operated  after  the  homogeneous  magma  had  risen  to  the  place 
at  which  the  rocks  now  occur,  while  for  other  bodies  the  magma 
appears  to  have  been  of  heterogeneous  composition  before  it  rose  to 
its  final  resting  place.  These  processes  have  been  reviewed  com- 
prehensively by  Professor  L.  V.  Pirsson,  in  a  recent  publication  by 
the  U.  S.  Geological  Survey,^  and  to  do  so  here  would  largely  be 
repetition.  Some  of  them  will  be  briefly  stated  however  and  examined 
not  with  regard  to  their  general  application  but  with  especial  reference 
to  the  Haystack  stock. 

Falling  0}  crystals. — The  simplest  theory  to  account  for  differences 
in  an  igneous  body  which  supposedly  was  once  homogeneous  is  to 
assume  that,  of  the  minerals  crystallizing  first,  the  heavier  ones 
sink,  and  the  lighter  ones  rise  much  as  the  constituent  minerals  of 
rocks  are  separated  in  heavy  solutions  in  the  laboratory.  Schweig* 
has  made  the  suggestion  that  heavy  crystals  formed  in  the  early 
stages  of  rock  solidification,  fall,  and  are  remelted,  thus  chang- 
ing the  composition  of  the  magma  at  different  depths.  For  the 
operation  of  the  process  the  viscosity  of  the  magma  must  not  be  too 
great  to  allow  minerals  to  settle  by  their  own  weight.  Magnetite, 
the  heaviest  mineral  in  the  Haystack  stock,  was  also  one  of  the  first 
to  solidify,  and  it  is  present  in  all  varieties  in  nearly  the  same  quantity; 
consequently  at  the  time  crystallization  began  the  magma  must 
have  been  too  viscous  for  magnetite  to  fall. 

The  ferro  magnesian  minerals,  which  are  much  heavier  than  the 
feldspars,  are  most  abundant  in  the  central  portion  of  the  stock 

I  Bulletin  No.  2^7,  p.  183. 

a  Neues  Jahrhuch  jiir  tnin,  Beil.,  Bd.  17,  p.  516. 


GEOLOGY  OP  THE  HAYSTACK  STOCK  227 

(D,  E,  F,  Fig.  3),  while  the  feldspars  and  quartz  predominate 
in  the  rocks  around  the  border  (A,  B,  C).  Variety  B,  containing 
78  per  cent,  of  quartz  and  feldspars,  occurs  at  approximately  the 
same  elevation  as  F,  which  contains  only  50  per  cent,  of  quartz 
and  feldspar.  If  diEFerentiation  occurred  after  the  magma  had  reached 
the  place  at  which  the  rocks  are  now  exposed  it  was  such  that  the 
elements  forming  the  ferromagnesian  minerals  moved  toward  the 
center  of  the  stock  rather  than  downward  in  the  stock.  Accordingly 
the  falling  of  the  heavy  crystals  does  not  appear  to  have  been  an 
important  process  after  the  magma  rose  to  the  place  at  which  the 
rocks  are  exposed. 

Fractional  crystallization. — Certain  intrusive  masses  appear  to 
have  differentiated  into  rocks  of  various  compositions  by  simple 
crystallization  during  cooling.  Since  the  outer  portion  of  an  intrusive 
body  is  nearer  the  colder  rocks  into  which  it  is  thrust,  this  portion  of 
the  intrusive  is  supposed  to  solidify  first,  and  the  minerak  which 
form  first  in  the  rocks  would  form  first  of  all  in  the  outer  zone,  and 
having  once  commenced  to  crystallize  they  would  continue  to  grow 
while  the  more  soluble  constituents  would  be  crowded  to  the  center 
of  the  stock.  This  process,  according  to  Mr.  H.  S.  Washington, 
accounts  for  the  gradational  series  of  rocks  which  form  the  igneous 
complex  at  Magnet  Cave,  Arkansas.* 

As  is  shown  by  the  order  of  crystallization  of  the  minerals  (p.  223) 
quartz  and  orthoclase  formed  after  the  ferromagnesian  minerals  and 
plagiodase.  If  differentiation  had  been  brought  about  by  the  process 
of  fractional  crystallization,  the  t)rpes  in  which  quartz  and  orthoclase 
are  present  in  greater  abimdance  should  be  the  types  which  were 
last  to  form,  but  the  reverse  is  true  if  the  outer  portion  of  the  stock 
solidified  first,  for  the  border  varieties  A,  B,  C  contain  a  much  larger 
proportion  of  quartz  and  orthoclase  and  a  much  smaller  proportion  of 
the  ferromagnesian  minerals  than  the  varieties  D,  E,  F,  which  occur 
near  the  center. 

Fractional  crystallization  with  convection  currents. — According 
to  Becker,*  gradational  series  of  rocks  which  constitute  certain  dikes 
and  laccoliths  can  have  been  formed  only  through  fractional  crystal- 

>  Bulletin  of  the  Geological  Society  of  America,  Vol.  XI,  p.  390. 
a  American  Journal  of  Science,  4th  Ser.,  Vol.  Ill,  p.  21. 
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lization  with  convection  cxirrents  which  during  crystallization  serve 
to  keep  the  still  liquid  central  portion  of  the  mass  of  uniform  com- 
position. The  least  soluble  minerals  will  go  out  of  solution  first 
and  these  will  form  around  the  outer  portion  of  the  stock,  while  the 
liquid  magma  inside  continues  to  supply  like  material  which  it 
deposits  on  the  walls  as  it  moves  by  them.  Applied  to  the  Haystack 
stock  this  hypothesis  is  open  to  the  same  objections  as  the  one  previ- 
ously discussed  for  the  minerals  which  are  most  abundant  in  the 
rocks  forming  the  periphyry  are  those  which  formed  last  in  all  the 
rock  types  of  the  stock. 

DifferetUidtion  prior  to  intrusion. — Intrusive  masses  made  up  of 
a  gradational  series  of  rocks  not  showing  a  zonal  arrangement  across 
the  outcrop  are  of  common  occiurence  and  in  most  cases  they  seem 
to  have  resulted  from  diEFerences  in  the  composition  of  the  magma 
before  it  came  to  rest.  Mt.  Johnson,  of  the  Montenegran  Hills, 
which  has  been  described  by  Dr.  F.  D.  Adams*  belongs  genetically 
to  the  same  class,  although  it  is  composed  of  a  hollow  cylinder  of 
laurvikose  inclosing  a  smaller  hollow  cylinder  of  andose,  which  in 
turn  incloses  a  cylinder  of  essexose,  the  three  types  grading  each 
into  the  other.  Dr.  Adams  concludes  that  before  the  lava  reached 
its  present  position,  a  reservoir  somewhere  below  the  mountain  had 
differentiated  into  a  liquid  mass  of  which  the  heavier  portion  had  the 
composition  of  essexose,  the  upper  portion  laurvikose,  and  the 
central  portion  andose.  The  upper  portion  rising  first  would  form  the 
outer  cylinder  which  in  turn  would  be  filled  or  intruded  by  andose. 
Subsequently  that  would  be  intruded  by  essexose.  Accordingly  the 
arrangement  of  the  rocks  from  the  bottom  up  in  the  earlier  body  would 
be  the  same  as  that  from  the  center  out  in  the  later  one.  Although 
the  zones  are  not  so  well  defined  in  the  Haystack  stock  the  rocks  of  the 
lowest  specific  gravity  occur  near  the  outer  portion  of  the  stock,  while 
the  heavier  varieties,  D,  E,  and  F  are  near  the  central  portion. 

Since  no  process  of  magmatic  differentiation  appears  to  have 
operated  after  the  intrusion  to  form  the  gradational  series  of  the 
Haystack  stock,  it  is  probable  that  the  differentiation  occurred 
before  the  magma  was  intruded  and  that  the  basic  central  portion 
represents  a  magma  which  was  erupted  after  the  more  acid  portion, 

'Journal  of  Geology,  Vol.  XI,  p.  22. 
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but  that  the  eruptions  followed  each  other  so  closely  that  the  magma 
of  one  type  had  not  solidified  before  a  magma  of  dififerent  composition 
rose  through  it.  The  resulting  rock  mass  was  therefore,  a  gradational 
series  of  rocks  rather  than  a  complex  of  distincdy  different  inter- 
secting rocks. 


SOME  IGNEOUS  ROCKS  FROM  THE  ORTIZ  MOUN- 
TAINS, NEW  MEXICO 


I.  H.  OGILVIE 
With  Chemical  Analyses  by  M.  W.  Adams 


The  Ortiz  Mountains  axe  a  deeply  sculptured  laccolith,  lying 
on  the  San  Pedro  quadrangle,  some  twenty-five  miles  east  of  Albu- 
querque. They  are  roughly  circular  in  outline  with  a  diameter  of 
about  five  miles,  and  have  a  relief  of  about  3,000  ft.,  the  highest 
peak  rising  to  an  altitude  of  8,998  ft.  They  afford  interesting  data 
on  erosion  in  an  arid  climate;  on  Mesozoic  stratigraphy  and  paleon- 
tology; on  the  events  of  the  Pleistocene  period  in  the  region  south 
of  the  ice  sheets ;  and  on  petrology.  The  present  paper  is  preliminary, 
and  deals  with  a  few  of  the  more  conspicuous  rock  types. 

The  quantitative  S3rstem  is  used  in  classification,  the  names  being 
based  on  analyses.  The  following  table  indicates  the  rock  tjrpes 
represented. 

TABLE  I 


Qaaa 

Order 

Rang 

Subrang 

Old  Name 

I.  Persalane 

II.  Dosalane 

III.  Salfemane 

4.  Canadare- 
Britannare 

1  5.  Gennanare 

\  6.  Norgare 

5.  Gallare 

(  2.  Toscanase 
(  3.  Coloradase 

(  2.  Monzonase 

(  3.  Andase 

2.  Essexase 
4.  Auvergnase 

4.  Lassenose 
4.  Yellowstonose 

{  3.  Monzonose 

}  4.  Akexx>se 
4.  Andose 

4.  Essexose 

Dacite 
Dacite 
Diorite 
Diorite 
Diorite 

Essexite 
Andesite 

The  distribution  of  these  types  is  foimd  to  be  noteworthy:  The 
main  mass  of  the  laccolith  is  of  the  more  femic  types,  essexose  and 
Auvergnose  (andesites) ;  the  sheets  which  border  the  mass  are  of  the 
most  salic  types,  the  persalanes  (dacites) ;  while  the  spurs  and  flanks 
of  the  mountains,  lying  between  the  above  are  of  the  intermediate 
types.  It  should  however  be  noted  that  all  of  the  rocks  are  inter- 
mediate when  compared  with  igneous  rocks  in  general. 
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This  laccolith  is  the  largest  of  four,  lying  in  a  north  and  south 
line.  The  northernmost,  the  Cerrillos  Hills,  has  been  described 
by  D.  W.  Johnson.*  The  Ortiz  is  the  next  group,  while  the  San 
Pedro  and  the  South  Mountains  make  up  the  southernmost  groups. 
It  is  apparent  that  these  groups  are  closely  related  and  they  probably 
constitute  a  single  comagmatic  region. 

The  scope  of  the  present  paper  is  primarily  chemical.  A  brief 
statement  of  field  relations,  textmre,  and  mineralogy  will  be  given  for 
each  t}rpe  analyzed,  but  a  detailed  discussion  of  optical  characters 
will  not  be  undertaken  in  this  preliminary  paper.  It  is  probable 
that  all  the  types  here  discussed  are  of  post-Cretaceous  age. 

Laurvikose — ^Lassenose  I.  4-5.2.4  (Daciie) 

Rocks  of  this  type  are  gray,  porphyritic,  and  form  sheets  on  all 
sides  of  the  mam  mass.  The  phenocrjrsts  are  of  pink  or  white 
feldspar,  the  ground  mass  is  phanerocrystalline  but  fine-grained. 

Microscopically  the  phenocrysts  are  found  to  be  soda  orthoclase 
with  more  or  less  concentric  structure.    A  few  phenocrysts  of  green 

TABLE  n 
Chemical  Couposition  of  Lassenose 


I 

M0L.PB0P. 

n 

MoL.  Prop. 

NORUS 

I 

II 

SiO, 

A1.03.... 

Fe.O,.... 

FeO 

MgO 

CaO 

Na,0. . . . 

KaO 

H,0  +  ... 
H,0-... 

CO. 

TiO, 

ZrO, 

P.O5 

MnO.'.'..' '. 
BaO 

63.11 

Vd 

1.39 
z.22 
3.88 
4.76 
3.48 
1.09 
0.32 
none 
0.80 
none 
0.25 
0.03 

O.IZ 

0.16 

1.052 
0.164 
0.017 
0.0x9 
0.040 
0.070 
0.076 
0.037 

O.OIO 

o.ooz 

O.OOI 

o.ooz 

62.36 

17.78 

2.74 

Z.66 
1.37 
4.49 
4.7s 
3-37 
0.26 

O.IZ 

none 

0.73 
none 
0.29 
0.03 

O.Z2 

0.03 

I  039 
O.Z7S 
0.017 
0.024 
0.034 
0.080 
0.076 
0.036 

0.009 
0.002 
0.002 

Qu 

Or 

Ab 

An 

Diop. . . 

fc: 

Hem. . . 

Ilm 

Ap 

12.72 

20.57 

39.82 

14.18 

4.32 

2.00 

2.32 

1. 12 

1.52 

0.34 

11.76 
20.02 
39.82 

17.51 
2.38 
2.30 
3-94 

1.37 
0.67 

Total.. 

XOQ.03 

100.09 

« School  of  Mines  Quarterly,  1903-4. 
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hornblende  and  of  quartz  may  also  be  seen.    The  ground  mass 
consists  of  fine  grains  of  plagioclase  with  augite  and  magnetite. 

Analyses  i  and  2  were  from  specimens  taken  from  two  sheets, 
respectively  on  the  west  and  the  southwest  of  the  group.  It  is  note- 
worthy that  all  of  the  FeO  is  in  magnetite  and  ilmenite  and  that  the 
normative  diopside  and  hypersthene  are  of  a  pure  magnesian  variety. 
The  second  analysis  is  close  to  a  division  line  in  both  order  and  rang, 
so  this  type  is  properly  a  Laurvikose-Yellowstonose-Lassenose. 
Norm  and  mode  agree  fairly  well. 

Yellowstonose.  I.  4.  3.  4  (Dacite) 
This  type  is  in  all  megascopic  and  microscopic  respects  similar 
to  the  Lassenose.  It  is  a  porphyritic  dacite,  and  occurs  in  sheets. 
The  sole  important  difference  is  that  potash,  and  hence  the  stmi  of 
the  alkalies,  is  lower  in  Yellowstonose,  thus  placing  the  rock  in  rang  3, 
in  spite  of  the  fact  that  lime  and  soda  are  present  in  approximately 
equal  amounts  in  both  types.  The  second  analysis  (IV)  approaches 
rang  2  and  might  be  termed  a  Lassenose- Yellowstonose. 

The  sheets  from  which  specimens  for  analysis  were  taken  are 
respectively  on  the  northeast  and  southeast  sides  of  the  mountains. 

TABLE  III 
Chemical  Composition  of  Yellowstonose 


SiO,... 
AlaOa.. 

FeO.... 
MgO... 
CaO. . . 
Na,0. . 
K,0.  .. 
H,0-f-. 
H,0-. 
CO,.... 
TiO,... 
ZrO,..  . 
P3O5... 

S 

MnO... 
BaO. . . 

Total. 


Ill 

MoL.  Prop. 

IV 

62.48 

1. 041 

62.61 

18.07 
2.61 

0.177 
0.016 

1754 
2.72 

1.97 

0.028 

I  52 

1-34 
4.67 
4.69 

0.034 
0.084 
0.076 

1.39 
4.18 
4.88 

2.16 

0.023 

2.21 

0.52 

152 

0.12 

0.22 

none 

none 

0.60 

0.008 

0.60 

none 

none 

0.28 

0.002 

0.27 

0.03 

0.06 

0.17 

0.002 

0.14 

0.09 

O.OOI 

0.18 

99-79 

100.04 

Norms 


MoL.  Prop. 
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Shoshonose-Monzonose-Akerose-Andose. 

(Diorite) 


II.  5.  2-3.  3-4. 


This  rock  is  gray,  fine-grained,  and  holocrystalline.  It  is  not 
porphyritic.  The  specimen  from  which  the  analysis  was  made  is 
from  a  spur  of  about  7,500  feet  in  altitude  on  the  southeastern  side 
of  the  group. 

Chemically  the  type  is  remarkable  in  being  exactly  on  the  division 
line  between  rangs  2  and  3,  and  nearly  so  between  subrangs  3  and 
4.    Hence  the  complex  name. 

Microscopically  it  contains  orthoclase,  two  plagioclases,  augite, 
a  green  pleochroic  hornblende,  titanite,  magnetite,  apatite,  and  a 
small  amount  of  nepheline. 


TABLE  IV 
Chemical  Composition  op  Shoshonose-Monzonose-Akerose-Andose 


SiO,.... 

Al,03.. 

Fe,03  . 

FeO. . . . 

MgO... 

CaO... 

Na,0.. 

K,0.... 

H,0  +  . 

H,0-. 

COa.... 

TiOa.  .. 

ZrO,... 

PaOs.  . . 

S 

MnO... 
BaO... 

Total 


5504 
20.45 
2.09 
2.71 
1-63 
5.82 
4.92 
4.29 
0.69 
o.io 
none 
1. 17 
none 

0.37 
0.04 
0.26 
0.19 


99  77 


Mol.  Prop. 


0.917 
0.200 
0.013 
0.038 
0.041 
0.104 
0.079 
0.046 


0.015 
0.003 


0.004 
O.OOI 


Or. 
Ab. 

An. 
Ne. 
Di. 
01. 
Mg 
Ilm 
Ap. 


Norm 


25  58 
36.15 
20.85 
2.84 
4.48 
2.84 
3.02 
2.28 
1. 01 


Akerose.    II.  5.  2.  4    (Diorite) 

The  type  is  essentially  similar  to  the  last,  except  that  its  color  is 
pinker  in  tone,  due  to  the  presence  of  considerable  red  orthoclase. 
No  nepheline  is  present,  but  there  is  a  small  amount  of  quartz.  It 
forms  the  mountam  8,200  feet  high  on  the  southeastern  side  of  the 
group. 
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Andose.    II.  5.  3.  4    (Diorite) 

This  rock  is  in  most  respects  identical  with  the  preceding  tjrpes 
but  differs  in  having  a  tendency  toward  a  porphyritic  texture.  It 
forms  the  massif  of  Lone  Mountain,  a  partially  isolated  peak  to  the 
southeast  of  the  Ortiz  group.  Its  consanguinity  with  the  main  stock 
is  evident  from  the  analyses.  Two  of  these  were  made,  from  the 
top  and  side  respectively,  and  these  are  given  in  the  preceding  table. 
They  are  placed  next  the  Akerose  for  comparison,  this  latter  type 
being  most  closely  related  chemically  and  also  the  nearest  in  space. 
The  most  noteworthy  differences  are  the  higher  lime  and  lower  potash 
of  the  Andose. 

EssExosE.  n.  6.  2.  4  (Diorite  and  Essexite) 
This  rock  type  is  an  exceedingly  common  one,  and  is  somewhat 
variable.  It  forms  the  outlying  hills  on  the  southeast,  and  usually 
forms  the  top  of  those  with  an  altitude  of  about  8,300  feet.  It  is 
from  one  of  these  that  X  is  taken.  IX  is  from  the  top  of  the  highest 
moimtain.  The  recalculated  analysis  requires  nepheline.  This  is 
sometimes  present  in  the  slides;  more  often  a  porphyritic  structure 

TABLE  VI 
Chemical  Composition  or  Essexose 


IX 

MOL.  P»o». 

X 

MoL.  Prop. 

Norms 

IX 

X 

SiO, 

Al,03.... 

FCaOj.... 

FeO 

MgO...  . 

CaO 

Na.O. . . . 

K,0 

H,0  +  ... 
H,0-... 

CO. 

TiO, 

ZrO, 

P.b, 

MnO. ..! 
BaO 

51-42 

19.40 

372 

3.33 

;t 

0.49 
0.04 
none 

1.39 
none 

O.S3 
0.03 
0.23 
0.21 

0.857 

0.190 
0.023 
0.046 
0.064 

0.139 
0.085 
0.043 

0.018 
0.004 
0.003 

O.OOI 

51.19 

21.16 

2.85 

2-31 
2.34 
6.79 

5. 43 
4.78 
0.54 
0.08 
none 

1. 54 
none 
0.62 
0.04 
0.25 

O.II 

0.850 
0.208 
0.018 
0.032 
0.059 
0.121 
0.088 
0.051 

0.020 
0.004 
0.004 

O.OOI 

Or 

Ab 

Ne 

An 

Diop.... 

01 

Mag... 
Ilm. . . . 
Ap 

23  91 

22.01 

12.21 

17.24 

14.48 

0.90 

5-34 

2.74 

1.34 

28.36 
18.34 
15.34 

19.18 
8.86 
1.26 
4.18 
304 
1-34 

Total.. 

100.39 

100.03 

236 


/.  H.  OGILVIE 


is  developed  with  large  phenocrysts  of  olivine  and  no  nepheline. 
The  olivine  phenocrysts  contain  inclusions  of  magnetite,  apatite, 
biotite,  plagioclase;  a  few  phenocrysts  of  twinned  augite  are  occasion- 
ally present.  In  this  variety  the  groundmass  contains  intergrowths 
of  feldspars,  and  broad  laths  of  both  orthoclase  and  plagioclase. 
The  nepheline-bearing  variety  has  a  granitic  texture,  and  lacks  olivine. 

AuvERGNOSE    III.  $.  4.  3    (Andesite) 

This  rock  is  holocrystalline,  dark-bluish  gray,  and  contains  many 
basic  segregations.  It  occupies  the  central  part  of  the  group  and 
lower  levels  of  the  surrounding  hills  whose  tops  are  less  basic. 

TABLE  VII 
Chemical  Coicposition  op  Auvergnose 


SiO,... 

AlaO,.. 

Fe,03. 
FeO... 
MgO.. 
CaO... 
NaaO.. 
K,0... 
HaO  +  . 
H,0-. 
CO,... 
TiO,. . 
ZrOa... 

p,o,.. 

S 

MnO. . 
BaO... 
CraOj. 

Total 


I 


XI 


MoL.  Prop. 


49.09 
15" 


48 
85 
66 

03 
24 

37 
39 
02 


0.818 
0.148 
0.003 

O.IIO 

o.  191 
o.  196 
0.052 
0.004 


none 
3  40 
none 

0-34 
0.06 
0.25 
none 
0.04 


0.043 


99-33 


0.004 


Diop. 
Hyp. 
01... 
Mag. 
Ilm.. 
Ap... 


NOKM 


1            XI 

.1 

Or 

1 

2 

22 

Ab 

..1          27 

25 

An 

••1          25 

58 

22.07 

465 


08 
70 

54 
67 


In  the  following  table  the  analyses  are  compared.  The  rauge 
of  silica  is  moderate,  from  63  to  49  per  cent.  Alimiina  is  generally 
high  and  its  range  is  not  great.  Iron  and  magnesia  are  uniformly 
low  and  of  slight  range,  with  the  exception  of  II,  Auvergnose.  Lime 
is  high  and  of  great  range ;  soda  is  moderate  and  of  little  range ;  potash 
is  moderate  and  of  considerable  range.  Titanium  is  almost  invariably 
high;   zirconia  is  entirely  absent;   baryta  is  high. 
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The  Lassenoses  and  Yellowstonoses  contain  small  amounts  of  gold, 
copper,  antimony,  lead,  and  bismuth. 

A  consideration  of  the  serial  chemical  characters  of  the  region 

brings  out  the  fact  that  soda  is  practically  constant  and  alumina  nearly 

so.    As  silica  decreases  iron  and  magnesia  increase  but  very  slightly, 

and  somewhat  irregularly;   on  the  other  hand  the  increase  in  lime 

is  regular  and  normal.    Potash  varies  from  0.39  to  4.78,  and  its 

variations  bear  no  definite  relation  to  the  decrease  in  silica,  nor  does 

the  sum  of  the  alkalies  imiformly  change.    The  sum  of  the  alkalies 

invariably  either  equals  or  exceeds  salic  lime,  which  fiinds  expression 

in  the  rang. 

Department  of  Geology 
Columbia  University 


DISCOID  CRINOIDAL  ROOTS  AND  CAMAROCRINUS 


FREDERICK  W.  SARDESON 

Minneapolis,  Minn. 


Since  the  writings  of  Wachsmuth  and  Springer,'  and  of  Bather* 
have  given  an  increased  scientific  interest  to  fossil  Crinoidal  roots  or 
stem  bases,  fossils  of  this  sort  which  occur  in  the  Galena  (Trenton) 
stage  of  the  Ordovician  in  Minnesota,  have  been  collected  by  me 
with  some  especial  care.  In  particular,  certain  disc-shaped  roots 
have  been  collected  and  studied.  These  are  believed  to  represent 
the  primitive  form  and  structure  of  Crinoidal  roots,  and-  are  of 
special  interest  for  that  reason,  as  also  because  they  are  rare  and 
little  known.  Few  fossils  of  this  kind  have  been  described  heretofore. 
Since  my  collection  represents  a  relatively  large  number,  about  loo 
specimens,  and  since  they  afford  some  new  information  regarding 
the  structure  and  relationship  of  such  Crinoidal  roots,  description  and 
discussion  of  them  is  here  offered. 

The  specimens  in  hand  are  discoid  or  conical  with  flat  base,  or 
bent  from  that  form  when  the  surface  to  which  the  base  had  attached 
is  not  plane.  They  are  found  adhering  to  shells,  Monticuliporoid 
stalks,  Crinoid  stems  and  especially  to  pebbles.  They  consist  of 
polygonal  caldte  plates  in  the  manner  of  Echinoderms  in  general. 
The  center  or  apex  of  the  cone  bears  a  scar  with  central  perforation. 
This  scar  is  like  those  which  are  characteristic  of  Crinoidal  roots  and 
shows  where  a  Crinoidal  stem  has  been  detached.  In  a  few  cases 
an  attached  stem  fragment  remains. 

Among  the  specimens  several  species  are  represented,  ranging 
in  structure  from  those  similar  to  the  well-known  Lichenocrinus  on 
the  one  hand,  and  on  the  other  to  forms  with  lobate  basal  margin 
which  link  rather  to  the  well-known  and  common  form  of  roots  with 
long,  roimd  cirri.  Others  tend  to  become  globular  and  a  relation  to 
the  problematical  Camarocrinus  is  therefore  to  be  considered. 

«  The  North  American  Crinoidea  Camaraia,  p.  49-51,  1897. 
>  Geological  Magazine,  Vol.  V,  p.  328,  1898. 
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PREVIOUSLY  DESCRIBED  FORMS 

A  few  primitive  Crinoidal  bases  have  been  heretofore  described. 
James  Hall  noticed  specimens  from  Trenton  Falls  in  the  Trenton 
limestone.^  A  drawing  after  Hall's  figure  2fl,  is  reproduced  here  in 
Fig.  I.  p.  243.  His  description  of  this  and  others  merely  states  that 
they  are  "bases  of  attachment"  "of  the  columns  of  some  (imcertain) 
species  of  Crinoidea."  Again  James  Hall  described*  specimens  as 
occurring  in  the  Niagara  limestone,  which  may  perhaps  be  well 
considered  in  this  connection.  One,  represented  by  his  Fig.  11,  is 
described  as  "  a  fragment  of  a  root  with  few  radicles,  ....  showing 
a  hexagonal  canal,"  and  the  other.  Fig.  10,  is  described  as  "a  frag- 
ment of  a  root  with  numerous  radicles."  Those  Figs.  11  and  10  are 
here  represented  by  Figs.  2  and  3  respectively,  by  which  their  general 
character  can  be  seen.  Bather^  calls  attention  to  others  which  James 
Hall  had  described,  in  Pal,  N.  F.,  Vol.  Ill,  1859,  as  Aspidocrinus, 
and  of  which  Hall  distinguishes  three  species,  all  from  the  Lower 
Helderberg,  describing  them  on  pp.  122-23,  and  giving  figures  of 
them,  Plate  V,  Figs.  13-20.  Hall  appears  much  in  doubt  about  their 
structure  and  relations.  Neither  his  descriptions  nor  his  figures  are 
in  any  respect  satisfactory.  The  fossils  may,  I  think,  rather  be 
columnals,  than  bases. 

From  the  Trenton  limestone  at  Ottawa,  Canada,  Billings  reports'* 
certain  specimens  which  should  be  noted.  One  specimen,  represented 
in  Fig.  ig,  Plate  V,  loc.  ciL,  he  says  is  "the  base  of  the  column"  of 
cleiocrinus  regius  Bill.  This  specimen  is  not  further  described  nor 
details  of  the  root's  structure  shown.  One  may,  however,  infer  that 
it  is  similar  to  that  of  the  fragmental  columns  upon  which  he  bases  the 
species,  C.  grandis  Bill.,^  and  of  which  he  says,  "The  radix  or  base 
of  attachment  of  the  column  consists  of  a  number  of  large  roots 
which  appear  to  be  composed  of  small  polygonal  plates."  The 
figure  of  this  one  shows  no  more  than  the  meager  description  gives, 

«  Pal.  N.  v.,  Vol.  I,  p.  86,  PI.  XXIX,  Fig.  2  a,  b,  1847. 
'  Pal.  N,.Y.,  Vol.  II,  p.  231,  PI.  XLV,  Figs.  10,  11. 

3  Loc.  cil, 

4  Canadian  Organic  Remains,  Decade  4,  1859. 

5  Loc.  cit.,  p.  54,  PI.  V,  Fig.  2a. 
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except  that  the  column  and  root  appear  sharply  defined  at  their 
junction. 

In  a  little  later  publication/  James  Hall  presents  conclusive  evi- 
dence of  a  fragment  of  Crinoidal  stem  attached  to  a  discoid  base. 
The  stem  and  therefore  the  base  is  identified  as  belonging  to  a  par- 
ticular species  of  Crinoidea,  i.  e.,  Calceocrinus  (Cheirocrinus)  clarus 
(Hall).  These  fossils  come  from  the  Silurian  Niagara  group.  The 
base  is  similar  to  Fig.  i  and  Figs.  6  and  7.  Another  base  to  which  a 
fragment  of  stem  remains  attached  is  described  from  the  Ordovidan 
in  the  upper  part  of  the  Cincinnati  group,  at  Cincinnati,  Ohio,  by 
F.  B.  Meek.*  He  says  that  it  probably  belongs  to  Anomalocrinus 
incurvus  M.  &  W.  It  "  consists  of  a  solid  expansion  near  an  inch 
in  diameter,  with  irregular  margins."  "It  has  a  short  piece  of  the 
column  attached,  which  rises  abruptly  from  the  expansion,  and  is 
composed  of  very  thin  anchylosed  segments,  showing  the  appearance 
of  being  each  made  up  of  numerous  little  pieces,  .  .  .  .  "  i.  e.,  like 
stems  of  A,  incurvus  M.  &  W.  Fig.  4  and  5  here  are  drawn  after  his 
figures  6  d,  c. 

Wachsmuth  and  Springer,^  say  that  "in  the  Hudson  River  group 
of  Cincinnati,  we  occasionally  fiind  Crinoidal  disks  attached  to  pieces 
of  coral,  which  closely  resemble  the  dorso-central  of  Antedon.  These 
disks  have  a  pit  or  depression  at  the  middle  of  the  upper  face,  some- 
times inclosing  a  small  stem  joint.  They  are  irregularly  roimd,  and 
some  of  them  have  small  processes  passing  outward  from  the  sides 
which  seem  to  represent  primitive  drri  (Plate  I,  Figs.  9, 10)."  Draw- 
ings after  their  Figs.  9,  10,  are  given  here  in  Figs.  6,  7.  Opposite 
Plate  I,  in  the  description  to  Figs.  9, 10,  they  say  "  dorso-central  plates, 
supposed  to  belong  to  a  spedes  of  Heierocrinus.^*  Wachsmuth  and 
Springer  consider  the  roots  as  having  separated  from  the  stem  during 
the  life  of  the  Crinoid. 

In  a  former  paper  on  "A  New  Cystocrinoidean  Species  from  the 
Ordovidan,"-*  I  have  described  a  few  specimens  of  discoid  roots 
which  were  found  associated  with  Strophocrinus  dicyclicus    Sar., 

i  Fijteetah  Rep,  N,  Y,  State.  Cab.  Nat.  Hist.,  PI.  I,  Figs.  17,  18,  1862. 
*  Geol.  Sur,  Ohio,  Vol.  I,  "Paleontology,"  p.  18,  PI.  II,  Fig.  6,  d,  e,  1873. 

3  Op.  cit.,  p.  49. 

4  American  Geologist,  Vol.  XXIV,  pp.  263-76,  1899. 


242  FREDERICK  W.  SARDESON 

and  which  probably  belong  to  that  species.   Three  figures  published^ 
are  reproduced  here  as  Figs.  8,  9,  10. 

Associated  with  discoid  Crinoidal  roots,  in  the  Ordovician  are  the 
similar  fossils  known  as  Lichenocrinus.  Several  species  of  these 
have  been  described  with  such  thoroughness,  especially  by  Meek,* 
and  with  such  citations  as  to  make  a  review  of  the  genus  here  seem 
unnecessary.  The  crateriform  bases  of  these  fossils  are  known  to 
bear  a  slender  stalk  of  polygonal  plates  in  some  cases.  Yet  this 
stalk  is  not  known  to  have  been  identified,  with  certainty,  as  a  Crinoidal 
structure.  Lichenocrinus  can  be  treated  only  as  a  problematic 
structure,  notwithstanding  concise  knowledge  of  the  fossils  as  they 
occur,  and  it  may  therefore  be  quite  neglected  here.  In  a  large  number 
of  specimens  of  it  which  I  have  collected,  nothing  new  has  appeared. 
In  regard  to  the  discoid  Crinoidal  roots  on  the  contrary,  their  struc- 
ture has  not  been  thoroughly  described  and  they  invite  further  study 
n  this  respect,  as  well  as  identification  with  recognized  species  of 
Crinoidea. 

NEW  DESCRIPTIONS 

In  order  to  facilitate  scientific  description  a  generic  name  is  used 
here  to  include  several  taxonomic  species  of  Crinoidal  roots.  This 
generic  name,  as  in  case  of  Lichenocrinus  and  of  Camarocrinus,  is 
not  expected  to  coincide  with  any  one  generic  term  based  upon  de- 
scribed crowns  and  will  be  superseded  by  such  generic  terms  as  often 
as  root  structures  are  identified  specifically  with  previously  described 
crowns. 

PODOLiTHUS  n.  gen. 

Primitive  discoid  or  conical  Crinoidal  root-structures  with  more  or 
less  lobate  margins  and  with  a  fixing-plate.    Region  about  the  stem- 
scar  not  depressed.    Type  Podolithus  schizocrinus,  n.  sp..  Fig.  11. 
Podolithus  strophocrinus  nom.  nov. 

(Figs.  8,  9,  10) 

To  this  type  belong  stem-bases  which  are  low,  conical,  i  to  5*^°*  in 
diameter,  with  nearly  entire  margin  and  generally  circular  outline, 
although  by  accident  sometimes  quite  irregular.  Fig.  8  shows  the 
most  unsymmetrical  specimen  foimd,  while  Fig.  10  represents  one 

«  Op,  cU.,  PI.  XII,  Figs.  14,  15,  16.         a  op.  cU.,  pp.  44-52. 
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which  although  circular,  appears  not  to  be  so  because  the  margin  is 
bent  under.  In  the  fossils,  the  stem  is  wanting,  but  from  the  scar  it  is 
seen  to  have  been  slender.  The  upper  surface  is  smooth  when  well 
preserved.  Suture  lines  show  indistinctly  that  there  are  quadrangular 
plates,  generally  in  rows,  Fig.  9,  arranged  radially.  Five  rows  of 
plates  radiate  from  the  center  and  between  these  other  rows  gradu- 
ally intercalate.  The  interior  is  separated  into  canal-like  spaces  by 
partitions  which  appear. to  be  inward  thickenings  of  the  plates, 
traversing  the  same  along  the  rows  radially.  This  structure  has 
been  seen  by  means  of  macerated  and  weathered  specimens  only, 
as  is  shown  in  Fig.  10,  and  the  extension  downward  of  the  partitions 
is  not  exactly  determined;  but  these  probably  touch  the  ground 
layer  or  fixing  plate. 

This  type  of  Crinoidal  root  is  remarkable  for  its  large  radius, 
small  height,  and  relatively  small  stem-scar.  A  number  of  speci- 
mens were  found  at  a  particular  part  of  a  quarry  where  plates  of 
Strophocrinus  were  abundant,  and  they  are  all  believed  to  be  struc- 
tures of  one  species,  i.  e.,  Podolithus  strophocrinus  ^Stropho- 
crinus dicyclicus.  These  bases  and  the  plates  of  Strophocrinus  are 
otherwise  rare.  Their  occurrence  is  in  association  with  intra-forma- 
tional  conglomerate  at  the  top  of  zone  No.  4  (Stictopora  bed)  and  in 
zone  No.  5  (Fucoid  bed)  of  the  Galena-Trenton  stage,  at  St.  Paul, 
Minn.  In  view  of  their  large  size  and  close  association  with  crown 
plates,  it  appears  to  be  most  probable  that  the  bases  were  permanent 
anchors. 

Podolithus  schizocrinus  n.  sp. 

(Figs.  11-17) 

This  species  includes  stem-bases  which  are  from  3°*™  to  2^°* 
in  diameter,  about  one-fourth  as  high  as  wide,  and  in  general  outline 
conical  but  with  thick  and  irregularly  lobed  margin  (Fig.  11).  The 
apex  of  one  small  specimen  shows  a  flat  circular  stem-scar,  with  a 
star-shaped  lumen,  while  others  seem  to  have  been  either  excessively 
macerated  or  reabsorbed  in  this  part.  Generally  there  is  a  circle  of 
small  pores  or  canal  ends  seen  just  within  the  rim  of  the  central  open- 
ing. No  other  openings  through  the  wall  appear  anjrwhere.  The 
top  surface  is  dense  and  smooth  with  indistinct  sutures.  Trans- 
verse thin-section  reveals,  under  the  petrographic  microscope,  that 
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the  top  consists  of  calcite  plates,  increasingly  numerous  in  larger 
specimens  (Figs.  12  and  13).  The  plates  are  hexagonal  to  quad- 
rangular, and  arranged  radially  in  short  intercalating  rows.  The 
inner  part  of  the  plates  appears  in  thin-section  less  dense  than  the 
outer,  and  is  rough  surfaced.  Radiating  ridges  are  also  evident 
(Fig.  14),  on  the  inside.  Maceration  may  have  reduced  them,  but 
they  are  not  now  seen  to  touch  the  fixing  plate. 

The  fixing  plate  is  thin  and  closely  knit  to  the  surface  of  support. 
It  is  a  single  large  plate,  imited  by  suture  only  around  the  periphery 
of  the  root.  On  the  upper  surface  of  the  fixing  plate  there  are  raised 
lines  or  ridges.  These  are  well  seen  in  one  specimen  from  which  the 
top  plates  are  partly  broken  off,  and  in  several  others  which  have 
been  weathered.  None  are  complete,  and  a  diagram  (Fig.  15),  is 
given,  for  the  sake  of  completeness  and  clearness  also,  instead  of  a 
drawing  of  a  single  specimen.  There  is  a  central  sharp  elevation, 
from  which  radiate  five  angular  ridges,  and  these  are  widest  and 
highest  at  a  short  distance  from  the  center.  Other  ridges  intercalate, 
chiefly  in  diverging  pairs,  and  all  diminish  in  intensity  toward  the 
periphery. 

The  internal  structure  might  be  quite  geometrically  symmetrical 
if  the  external  form  were  so,  but  in  every  specimen  the  place  of 
growth  has  modified  the  form  of  the  root  more  or  less.  The  fixing- 
plate  follows  closely  the  surface  of  support,  whose  irregularities  are 
reflected  within.  Again,  some  specimens  have  the  stem-scar  near 
or  at  one  side,  and  directed  obliquely  to  that  side  as  if  the  surface  of 
support  had  been  vertical  or  inclined,  the  stem  too  having  been 
vertical.  In  those  cases  the  longer  side  is  in  every  way  the  more 
developed.  Figure  13  shows  a  root  which  had  grown  over  the  edge 
of  the  supporting  object. 

Figs.  16  and  17  represent  a  specimen  which  has  grown  on  a  slender 
branch  of  Pachydictya  acuta  HaU  and  surrounded  it,  the  fixing-plate 
thence  having  bedded  to  an  irregular,  probably  muddy,  surface.  The 
marginal  lobes  are  extended  as  round  short  roots.  Two  of  these, 
which  are  cleaved  off,  show  central  circular  canals.  One  other 
specimen  which  was  found  near  this  one  has  grown  in  a  similar  way 
but  has  flat  areas  around  the  top. 

This  tjrpe  of  discoid  base  I  find  in  greater  numbers  and  through 
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greater  range  and  wider  distribution  than  any  other.  At  Minneapolis 
and  St.  Paul  it  has  been  found  in  the  Galena-Trenton  in  zone  No.  4. 
(Stictopora  bed)  (Figs.  11,  12,  and  15),  in  zone  No.  5.  (Fucoid  bed) 
(Figs.  13,  14),  and  in  zone  No.  6.  (Orthisina  bed),  and  at  Kenyon, 
Minn.,  also  in  zone  No.  6  (Figs.  16,  17).  Those  from  the  Trenton 
of  New  York,  as  described  by  Hall  (see  Fig.  i),  may  belong  to  the 
same.  In  their  occurrence  they  are  associated  with  stems  and 
crowns  of  Schizocrinus^  to  which  they  may  belong.  No  other  Crinoidal 
stems  and  plates  are  as  abundant  and  no  others  are  known  in  each  bed* 
From  the  reabsorbed  appearance  of  the  stem-scar,  as  compared  with 
other  parts  of  the  root  in  all  sizes  of  specimens,  I  am  led  to  adopt 
further  the  interpretation  that  the  stems  were  loosed  from  the  root 
at  any  convenient  time  during  the  animal's  life. 

PodoUthus  Anotnalocrinus  n.sp. 

(Figs.  18,  19) 

This  species  is  known  by  a  single  specimen  from  zone  No.  6 
(Orthisina  bed)  of  the  Galena-Trenton,  below  Mantorville,  Dodge 
Co.,  Minn.  The  specimen  is  a  root  with  a  fragment  of  a  large  stem 
with  large  lumen.  From  the  stem  to  the  margin  its  top  surface  is 
concave.  The  specimen  is  now  free,  although  the  fixing-plate  on  its 
under  side  bears  a  distinct  impression  from  a  former  attachment 
upon  a  nearly  flat  surface.  This  impression  shows  quadrangular 
figures  in  transverse  rows,  and  appears  to  be  that  of  the  inside  of  a 
Receptaculiies.  Short  blunt  processes  occur  at  the  angles  where 
canals  would  nm  through  that  wall  of  Receptaculiies.  This  impres- 
sion indicates,  I  think,  that  the  root  grew  on  an  intra-formational 
conglomerate  pebble,  which  consisted  of  a  fossil  Receptaculiies.  Such 
fossils  with  more  or  less  of  adhering  matrix  are  not  uncommon  as 
pebbles  in  that  zone. 

The  margin  of  the  root  forms  a  sharp,  slightly  serrate  edge  in  one 
place  (left  side  of  Fig.  19) ;  in  another  it  is  abruptly  turned  upward, 
right  side,  and  for  the  rest  it  appears  to  be  overturned  upon  the  top 
surface.  The  overturned  part  has  a  spongy-looking  surface.  Evi- 
dently the  root  was  accidentally  restricted  in  its  growth.  If  it  had 
not  been,  then  the  specimen  would  have  resembled  more  closely  the 
one  described  by  Meek  (see  Fig.  4).  The  margin  would  have  prob- 
ably been  five-lobed,  corresponding  to  five  prominences  which  radiate 
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from  the  rounded  angles  of  the  stem.  As  the  specimen  is,  there 
appear  distinct  depressions  of  the  top  surface  between  the  radial 
prominences  where  not  covered  by  the  overturned  margin. 

The  stem's  surface  is  marked  by  slightly  raised  transverse  ridges, 
and  a  little  weathering  has  brought  intermediate  rows  of  small  pores 
to  view.  The  exposed  end  of  the  stem  shows  numerous  fine  radiating 
anastomosing  furrows,  and  a  few  larger  ones.  These  were  evidently 
canals  between  segments  of  the  imbroken  stem  and  the  pores  on  the 
outer  surface  are  obviously  the  ends  of  the  same.  The  pores  are 
united  superficially  by  suture-like  lines  which  give  the  stem  the  appear- 
ance of  consisting  of  small  plates.  Meek  describes  a  very  similar 
structure  in  his  specimen  (see  Fig.  5.).  At  each  angle  of  the  stem 
is  a  coarse  suture.  By  observing  these  described  marks,  it  is  seen 
that  the  stem  on  my  specimen  extends  down  5"^"^  from  the  top,  and 
consists  of  about  eight  circles  of  thin  undulating  plates,  which  alternate 
in  five  vertical  rows. 

The  surface  below  the  stem  shows  faint  close  sutures,  indicating 
that  the  top  of  the  root  proper  is  made  up  of  numerous  polygonal 
distributed  plates. 

Podolithus  eucheirocrinus  n.  sp. 

(Figs.  20-23) 

This  species  includes  bases,  the  conical  form  of  which  is  concealed 
more  or  less  by  long  root-like  lobes  of  the  margin.  The  largest 
specimen  is  grown  around  a  Crinoid  stem  so  that  the  lobes  or  radicles 
extend  across  one  another  (Figs.  20,  21).  One  small  specimen  has 
grown  obliquely  on  a  curved  surface  and  has  the  lobes  at  the  sides 
and  lower  margin  only  well  extended  (Fig.  23).  The  top  or  outer 
surface  is  dense,  and  consists  of  polygonal  plates,  though  the  sutures 
are  in  part  indistinct.  About  the  stem-scar  the  plates  appear  sub- 
hexagonal,  alternating  in  radial  rows,  while  on  the  lobes  or  radicles 
and  their  branches,  the  plates  are  transversely  elongated  and  alter- 
nate in  two  rows  (Fig.  22).  The  radicles  are  flattened  on  top  but  con- 
vexed  on  the  sides. 

The  stem-scar  is  obscured  on  each  specimen,  and  no  stem  frag- 
ment being  attached,  identification  of  these  roots  with  any  columns 
is  uncertain.  They  are  associated  with  Crinoid  columns  like  the  one 
upon  which  a  root  has  grown  (Fig.  20),  which  has  five  rows  of  colum- 
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nals,  nearly  corresponding  in  circles.  They  are  found  in  the  upper 
part  of  zone  No.  4  (Stictopora  bed),  where  specimens  figured  were 
found,  and  in  the  base  of  zone  No.  5  (Fucoid  bed)  of  the  Galena- 
Trenton  stage  at  St.  Paul,  Minn.  The  only  probable  related  calyx 
is  that  of  Eucheirocrinus  punctatus  (Ulr.)  which  has  the  same  range, 
and  although  pieces  of  stem  one-half  inch  long  attached  to  them  have 
oval  rings  yet,  in  view  of  the  great  differences  known  to  mark  Crinoidal 
columns,  the  lower  part  of  the  same  might  be  the  one  imder  considera- 
tion. 

PodolUhus  dendrocrinus  n.  sp. 

(Figs.  24,  25,  26) 

This  species  comprises  roots  in  which  the  discoid  or  conical  form 
is  concealed,  but  in  which  the  structure  remains.  They  occur  attached 
to  hard  surfaces  with  one  to  five  simple  or  branched  radicles  of  various 
lengths.  Fig.  24  is  of  the  largest  specimen.  One  of  its  radicles 
curves  downward.  The  radicles  or  lobes  are  smooth  and  quite 
round,  excepting  the  under  side  by  which  Aey  are  attached.  Seen 
from  the  upper  side  they  consist  of  narrow  transverse  rings,  but  a 
thin-section  shows  that  these  are  interrupted  by  the  fixing-plate 
which  unites  with  them  by  suture.  Fig.  25  shows  the  thin-section  X4. 
The  section  is  cut  across  three  lobes,  a,  b,  c,  each  of  which  attaches 
to  the  same  Monticuliporoid  stock.  Fig.  a  cuts  obliquely,  striking 
two  plates  above,  while  b  cuts  a  bifurcation.  The  fixing-plate  in  c 
penetrates  a  cell  of  the  Monticuliporoid  at  that  point.  Compare 
Fig.  18.     The  lumen  is  represented  in  black. 

The  stem-scar  is  preserved  in  several  cases  and  clearly  shows  a 
stellate  lumen  and  radiate  ligamental  scars.  Certain  cylindrical 
Crinoid  columns  are  found  in  the  same  strata  and  are  easily  matched 
with  these  though  generally  larger  in  size.  Fig.  26  represents  the 
end  of  such  a  column  X2  without  the  radiating  striae,  about  75  in 
number,  which  are  omitted.  It  shows  the  lumen  and  ten  distinct 
canals  which  run  in  the  joint  and  in  part  thence  through  the  segment. 
On  the  outer  surface,  the  canals  appear  as  distributed  pores.  The 
same  canals  are  seen  at  the  stem-scar  of  the  roots,  but  I  cannot  find 
them  lower  on  the  disk  or  its  lobes. 

These  roots  and  columns  occur  rarely  in  zones  Nos.  4,  5,  and  6, 
of  the  Galena-Trenton  stage.    Figs.  24,  25,  26,  are  of  specimens 
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from  zone  No.  5,  at  St.  Paul,  Minn.    An  associated  species  of  Den- 
drocrinus  was  the  probable  possessor  of  them. 

DISCUSSION 

In  collecting  spedmens,  I  have  not  only  obtained  well-preserved 
materials  for  the  study  of  structures,  but  have  tried  also  to  find  means 
for  identification  of  them.  A  root  with  entire  column  and  crown 
has  not  been  found,  and  should  scarcely  be  expected  to  occur  where 
aU  Echinodermal  remains  were  badly  scattered.  But,  roots  and 
associated  stems  can  be  matched  with  crowns  more  or  less  successfully 
and  careful  effort  to  do  this  has  been  made. 

From  the  evidence  which  is  afforded  by  the  described  spedmens, 
it  may  safely  be  conduded  that  these  discoid  stem-bases  belong  to 
Crinoidea,  and  admitting  drcumstantial  evidence,  the  condusion 
is  imminent  that  they  also  belong  to  a  diversity  of  Crinoidea.  Cakeoc- 
rinuSy  Eucheirocrinus^  HeUrocrinus,  and  Anomalocrinus  belong  to 
Bather's  Order,  Monocyclica  Inadunata;  Schizocrinus  to  Order, 
Monocyclica  Camerata;  Dendrocrinus  and  Strophocrinus  to  Order, 
Dicyclica  Inadunata.  To  the  drcumstantial  evidence  may  be  added 
the  fact  that  certain  Cystidea  have  similar  structures,  the  fixing- 
plate  in  Lepidodiscus,  which  I  have  collected  here,  being  very  like 
those  of  the  Crinoidal  discoid  bases.  This  tends  to  prove  that  this 
structure  is  primitive  and  might  persist  in  diverse  lines  of  Crinoidal 
evolution. 

As  to  structure,  there  is  condusive  evidence  that  the  fixing-plate 
in  Podolithus  is  a  single  piece,  while  the  top  of  the  root  is  perhaps 
always  of  many  plates.  If  I  understand  rightly,  Wachsmuth  and 
Springer'  considered  the  entire  root  or  discoid  base  as  a  single  plate 
and  compared  it  to  the  "dorso-central"  plate  of  Antedon.  Whether 
the  fixing-plate  or  the  entire  root  should  be  now  called  dorso-central, 
or  perhaps  neither  comparison  be  made,  I  am  not  able  to  decide. 
Again  the  interior  presents  always,  as  far  as  known,  raised  radiating 
structures  upon  the  fixing-plate  and  under  the  top  plates,  resembling 
Lichenocrinus  in  the  latter.  Also  as  in  Lichenocrinus,  no  pores  or 
canak  to  the  exterior  are  seen  aside  from  the  stem-lumen  and  scar, 
even  though  attached  columnals  present  external  pores.    Accidental 

I  Op.  cii. 
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penetration  of  foreign  substances  into  the  root  are  probably  always 
walled  ofif  from  the  internal  cavity. 

The  described  new  species  of  Padolithus  with  species  of  Lichen- 
ocriniis  indvAt  aU  the  Crinoidal  roots  which  are  known  to  me  to  occur 
in  the  Galena-Trenton  stage.  Together  they  form  a  series  which  may 
illustrate  the  early  evolution  of  Crinoidal  roots  from  a  primitive 
conical  expansion  of  distributed  polygonal  plates,  over  a  large  circular 
fixing-plate,  to  a  lobate  form  with  plates  in  single  rows  over  a  deeply 
cut  fixing-plate.  Further  reduction  of  the  fixing-plate  could  produce 
the  commonly  known  drri  with  circular,  perforated  segments. 
COMPARISON  WITH  Camarocfinus 

At  first  sight,  the  discoid  roots  appear  to  differ  greatly  from  Cama- 
rocrinus,  but  upon  close  comparison  they  are  much  more  alike,  the 
latter  being  a  modified  form  of  the  former.  Before  trying  to  show 
this,  the  problem  concerning  Camarocrinus  alone  requires  attention. 
That  problem  appears  in  the  recentiy  published  work  On  Siluric  and 
Devonic  Cystidea  and  Camarocrinus^  by  Charles  Schuchert.'  In  this 
work  Camarocrinus  is  discussed  in  regard  to  history  of  the  genus, 
mode  of  occurrence  of  fossil  specimens,  their  structures  and  possible 
relationships.  The  discussion  appears  to  be  quite  ejrfiaustive  and 
the  description  of  the  fossils,  very  thorough.  The  work  is  based  upon 
a  wealth  of  best  materials  of  aU  three  known  species,*  two  of  which 
Schuchert  redescribes  and  one  of  which  he  presents  as  new.  I  may 
say  further  that  nothing  new  or  not  described  by  Schuchert  was 
found  by  me  in  materials  which  were  obtained  through  the  kindness 
of  Mr.  Schuchert  and  of  Mr.  Bassler  of  the  U.  S.  National  Museum. 
Following  his  thorough  discussion  Schuchert  says  in  the  summary:^ 
"The  writer  realizes  that  the  last  word  has  not  been  said  in  regard  to 
Camarocrinus,  and  the  present  work  is  offered  with  the  hope  that 
some  paleontologists  will  attack  the  problem  from  another  point  of 
view." 

Schuchert's  statement  just  quoted  follows  paragraphs  in  which 
the  belief  is  expressed,  following  the  opinion  of  James  Hall  and  other 

'  "Smithsonian  Miscellaneous  Collections,"  Vol.  XLVII,  Part  2,  1904. 
'  A  fourth  species,  C.  asiaticus  Reed,  has  been  later  described.    See  PaJecniO' 
logia  Indicaf  New  Series  Vol.  II,  Memoir  No.  3,  1906,  p.  88. 
3  Op.  cU.,  p.  269. 
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authors,  that  the  Camarocrinus  structures  were  roots  of  Crinoids, 
serving  as  floats,  from  which  the  steins  had  parted  before  their  sink 
ing  to  place  of  rest.  Bather"  had  stated  a  little  more  in  particular, 
and  Schuchert  quotes  him  as  sa)ring  of  these  fossils,  that,  "another 
curious  modification,  perhaps  connected  with  a  free-floating  existence, 
was  presented  by  the  root  of  Scyphocrinus  [^^Lobolithus^Camarch 
crinusy^  Schuchert's  discxission,  as  I  read  it,  throws  a  shadow  over 
the  grounds  upon  which  Bather  may  have  based  his  belief  concern- 
ing Scyphocrinus^  and  tends  to  leave  the  fossil  Camarocrinus  as 
problematic  as  when  James  Hall  first  described  it.* 

Authorities  agree,  in  short,  upon  these  peculiar  balloon-shaped 
fossils  being  the  modified  root-structures  of  some  Crinoid  or  other. 
It  may  also  be  taken  as  evident  that  they  floated.  The  imsolved 
problem  concerns  their  origin,  the  interpretation  of  their  structural 
parts,  and  their  relation  to  any  particular  species  of  Crinoids. 

Camarocrinus  appears  not  to  have  been  considered  from  the  side 
of  the  known  Crinoidal  discoid  roots.  The  nearest  approach  to 
such  a  point  of  view  is  the  suggestion  which  will  be  here  quoted  about 
Lichenpcrinus  and  in  which  Schuchert  makes  really  no  progress 
toward  the  solution  of  the  problem.  "  Lichenocrinus  represents  the 
nearest  approach  of  a  modified  Crinoid  root  to  Camarocrinus.  It,  too, 
is  camerate,  the  radiating  striae  seen  on  weathered  examples  being 
vertical  plates  extending  upward  from  the  attached  base  to  the  inner 
side  of  the  surface  plates."^  Again,  p.  269,  "this  form  when  com- 
pared with  Camarocrinus  is  wholly  different,  as  the  base  of  Licheno- 

crinus  is  attached  to  foreign  bodies "    Bather,  too,  cites  Licheno- 

crinus  as  a  Crinoid  root*  yet  it  is  quite  as  problematic  as  Camarocrinus. 
Moreover,  the  comparison  of  the  camarae  of  Camarocrinus  with  the 
camerate  structure  of  Lichenocrinus,  as  just  quoted,  is  not  the  right 
view,  as  I  shall  endeavor  to  show. 

To  explain  the  origin  and  homologies  of  Camarocrinus,  I  wish  rather 
to  compare  it  with  such  discoid  roots  as  are  here  described,  e.  g., 

«  Treatise  an  Zo&logy,  Vol.  Ill,  "Echinoderma,"  p.  135  (1900). 

»  More  rccentiy,  BuUer  has  found  further  evidence  in  support  of  his  view,  in  the 
association  of  Scyphocrinus  and  LobolUhus  remains  in  Silurian  rocks  of  Cornwall.  See 
Transactions  of  the  Royal  Geological  Society  of  Cornwall,  Vol.  XIII,  Part  III,  pp. 
191-97,  1907. 

3  Op.  cU.y  p.  a68.  4  Op,  cU.    p.  133. 
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Figs.  II,  13,  17,  and  18.  These  bases  are  evidently  very  plastic  to 
environmental  conditions  and  certain  characters  in  them  if  increased 
under  exceptional  conditions  might  well  have  changed  to  such  as 
Camarocrinus  possesses.  Those  characters  are  the  occasionally  tumed- 
under  margin  (Fig.  13),  and  the  five  or  more  depressed  spaces  of  the 
top  surface  (Fig.  19).  These  depressions  may  be  termed  inter- 
radicle  pockets,  since  they  lie  between  the  main  canals  and  lobes 
which  radiate  from  the  comers  of  the  stem  and  lumen,  or  between 
branches  of  the  same,  all  of  which  may  be  termed  radicles. 

A  series  of  diagrams  are  given  here  to  help  show  the  probable 
origin  of  Camarocrinus  (Fig.  31)  from  a  discoid  root  (Fig.  27). 

Figs.  27-31 
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Taking  the  pentameral  symmetry  as  typical,  then  a  vertical  section 
passing  through  a  radicle,  r,  on  one  side,  would  cut  the  inter-radicle 
i  on  the  other  side.  The  respective  inter-radicle  and  radicle  contours, 
not  cut  by  the  plane  of  the  section,  are  drawn  in  broken  lines.  Since 
Camarocrinus  is  supposed  to  have  floated  in  inverted  position,  it 
should  be  represented  so,  except  that  comparison  is  easier  when  all 
figures  correspond.  Fig.  27  represents  a  known  discoid  base  with 
normal,  wide  fixing-plate,  /,  and  shallow,  inter-radial  pockets,  c. 
Fig.  28  represents  it  with  the  margin  turned  under  because  of  limited 
ground.  Fig.  29  is  an  hypothetical  representation  of  the  same  attached 
to  a  floating  object  by  still  more  limited  area,  so  that  a  smaller  fixing- 
plate,  /,  and  deeper  pockets,  c,  result.  Fig.  30  represents  an  adapta- 
tion where  the  supporting  object  and  fixing-plate  are  less  in  surface 
and  the  pockets — gas  filled — are  enlarged.  Fig.  31  represents  Cama- 
rocrinus with  fixing-plate,  /,  very  small,  not  larger  than  other  plates, 
while  the  pockets,  c,  are  correspondingly  enlarged  and  approximated. 
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The  pockets  or  camarae  of  Camarocrinus  are  not  internal  divi- 
sions but  invaginations  of  the  outer  wall,  hence  communicating  not 
with  the  interior  but  the  exterior.  The  internal  partitions  of  Podo- 
lithus  and  of  Lichetiocrinus,  too,  correspond  not  with  its  "camarae" 
but  with  the  canals  of  the  interior,  Fig.  27,  and  with  partitions  of  the 
medio-basal  chamber  0,  Fig.  31,  and  of  other  interspaces  of  the 
closely  folded  "double"  wall.  Camarocrinus  is  not  to  be  considered 
as  "double  walled"  but  single  walled.  The  waU,  folded  upon  itself 
is  united  "  by  many  short,  stout,  blunt  processes,""  and  these  processes 
may  be  considered  as  homologous  with  the  internal  partitions  of 
Podolithus  and  of  Lichenocrinus.  The  inner  surface  of  the  wall  of 
Camarocrinus  is  in  fact  marked  by  knoblike  extensions,  especially 
of  the  larger  of  the  plates,  and  by  pore-like  enlargements  of  the  sutures. 
Maceration  and  weathering  must  tend  to  open  these  latter,  one  after 
another,  to  the  exterior.  I  am  in  doubt,  therefore,  whether  the  pores 
through  the  walls  which  Schuchert  so  clearly  represents,"  were  origi- 
nally open  to  the  exterior  or  not.  Presuming  that  they  were,  their 
nature  may  be  the  same  as  the  pores  on  the  column,  though  not  seen 
on  the  base  of  Podolithus  anomalocrinus.  I  have  not  discovered  in 
the  specimens  of  Camarocrinus  the  particular  plate  which  is  the 
original  fixing-plate,  but  it  might  be  seen  on  favorably  young  speci- 
mens. 

Excepting  possibly  the  supposed  pores,  the  structures  of  Camaro- 
crinus are  those  of  Podolithus.  Further,  the  observation  may  be 
made,  that  since  Schizocrinus  Hall  and  Scyphocrinus  Zenker  belong 
to  the  same  family,  Glyptocrinidae  according  to  Bather,  the  probability 
that  Podolithus  schizocrinus  belongs  to  the  one,  gives  greater  weight 
to  the  contention  that  Camarocrinus  in  part,  at  least,  belongs  to  the 
other. 

EXPLANATION  OF  FIGURES 

Fig.  X. — Base  of  a  Crinoidal  column,  on  a  coral,  from  the  Trenton  limestone; 
after  Hall. 

Figs.  2,  3.— Crinoidal  roots  from  the  Niagara  limestone;  after  Hall. 

Figs.  4,  5. — Root  with  fragment  of  column,  from  shales  of  the  Cincinnati  stage, 
and  part  of  column  of  same,  magnified;  after  Meek. 

Figs.  6^  7. — Roots  or  "dbrso-central  plates,"  from  shales  of  the  Cincinnati 
stage;  after  Wachsmuth  and  Springer. 

«  Schuchert  op.  cU.,  p.  263.  »  Op.  cU.,  PI.  XL,  Figs.  8  10. 
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Figs.  8^  9,  lo. — PodoiUhus  dicydicus  nom.  nov.,  from  the  Galena  stage.  Fig.  8, 
a  well-presenred  but  unsymmetrical  root;  Fig.  9.  part  of  surface  of  the  same  X2; 
Fig.  10,  a  weathered  specimen. 

Figs.  XX-X7. — PodoiUhus  schizocrinus  n.  sp.,  from  the  Galena  stage.  Fig.  11,  a 
small  root  on  a  coral  Xa;  Fig.  12,  vertical  section  of  a  similar  one  X2;  Fig.  13, 
vertical  median  section  X2,  of  a  specimen  which  has  overlapped  the  supporting  coral; 
Fig.  14,  section  of  same  X2,  not  median;  Fig.  15,  diagram  of  upper  surface  of  fixing- 
plate  with  ridges;  Figs.  16,  17,  top  and  side  views  of  a  large  specimen  which  has 
surrounded  its  attachment. 

Figs.  iS,  19. — PodoiUhus  anomalocnnus  n.  sp.  Side  and  top  view  of  root  and 
part  of  colunm;  from  the  Galena  stage. 

Figs.  30-23. — PodoiUhus  eucheirocrinus  n.  sp.,  from  the  Galena  stage.  Figs.  20, 
21,  views  of  a  large  lobate  root  surrounding  a  Crinoidal  colunm;  Fig.  22,  part  of  sur- 
face of  same  X2;  Fig.  33  a  small  specimen. 

Figs.  24,  25. — PodoiUhus  dendrocrinus  n.  sp.,  from  the  Galena  stage.  Fig.  24, 
side  view  of  root  with  long  rounded  lobes,  and  of  stem-scar  of  same;  Fig.  25,  section 
X4,  across  three  lobes,  a,  6,  c,  of  another  specimen. 

Fig.  26. — Elnd  of  a  round  column  X2,  showing  lumen  and  canals;  corresponding 
to  Fig.  24. 

Figs.  27-31. — Diag^mmatic  sections,  Fig.  27,  of  PodoiUhus;  Fig.  28  of  same  with 
margins  turned  under;  Figs.  39,  30,  hypothetical  modifications;  Fig.  31,  of  Camaro^ 
crinus;  /,  fixing  plate;  o,  " mcdio-basar*  cavity;  r,  radicle;  f,  interradlde  contours; 
c,  pockets  or  camerae. 
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Part  II.    Relation  of  Sediments  to  Regions  of  Deposition 
Introduction. 

Influence  of  nature  of  surface  of  deposition. 
Piedmont  slopes — aerial  deltas. 
Lower  flood  plains — aqueous  deltas. 
Elimination  of  local  geographic  factors. 
Climatic  influences  in  regions  of  deposition. 
Effects  of  constantly  rainy  climates. 
Influence  of  arctic  climates. 
Chemical  nature  of  deposits. 
Effects  of  intermittently  rainy  climates. 
Intermediate  character  of  deposits. 
Organic  characteristics. 

Conclusion  on  unappreciated  extent  of  such  deposits. 
Effects  of  semiarid  climates. 

Chemical  and  structural  characteristics. 
Floral  characteristics  of  semiarid  flood  plains. 
Effects  of  arid  climates  upon  fluviatile  deposits. 

Chemical  characteristics.    Evaporation  deposits. 
Combinations  of  fluviatile  and  acolian  structures. 
Organic  characteristics. 
Ease  of  recognitbn  in  the  geological  column. 
The  climatic  significance  of  color. 
The  origin  of  red  formations. 
The  origin  of  light  and  variegated  colors. 
The  origin  of  gray  to  black  formations. 
Conclusions  on  Climatic  Influences  in  Regions  of  Deposition. 
PART  n.  RELATION  OF  SEDIMENTS  TO  REGIONS  OF  DEPOSITION 

Introduction 
Upon  a  comparison  of  the  character  of  the  deposits  laid  down  upon 
the  topographically  somewhat  similar  surfaces  of  large  deltas  but 
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under  the  most  unlike  conditions  of  temperature  and  rainfall,  such, 
for  instance,  as  the  deposits  upon  the  deltas  of  the  Indus,  the  Amazon, 
and  the  Yukon,  it  is  perceived  that  the  climatic  conditions  existing 
over  the  surface  of  deposition  form  a  factor  of  primary  importance  in 
governing  the  nature  of  fluvial  and  pluvial  deposits.  A  proper  inter- 
pretation of  ancient  continental  sediments  cannot  be  made,  therefore, 
if  the  climatic  factor  be  neglected,  and  on  the  other  hand  the  deposits 
of  ancient  delta  surfaces  should  contain  a  more  or  less  accurate  record 
of  the  climatic  conditions  of  origin.  But  a  closer  inspection  of  modem 
deltas  shows  that  different  parts  of  the  same  delta  surface  exhibit 
markedly  different  conditions  of  deposition  owing  to  the  somewhat 
varying  local  geographic  features,  such  as  lakes,  swamps,  and  natural 
levees,  which  may  exist.  In  desert  regions,  as  exemplified  by  the 
delta  of  the  Helmund,  the  great  internal  river  of  Persia,  portions  not 
now  used  by  the  river  are  barren  sandy  deserts  subjected  to  deep  wind 
scour,  occasionally  in  this  instance  exposing  ancient  ruins,  and  the 
corresponding  heaping-up  of  aeolian  deposits,  while  at  the  same  time 
such  shifting,  shallow,  and  variable  lakes  as  that  of  Seistan,  the  reservoir 
into  which  the  Helmund  drains,  are  giving  rise  to  interstratified,  truly 
lacustrine  deposits." 

Therefore  in  the  climatic  interpretation  of  ancient  continental 
deposits  proper  allowance  must  first  be  made  for  the  geographic 
variations  which  occur  within  the  region  of  deposition.  The  field 
studies  must  be  suflSciently  broad  to  lead  to  some  recognition  of  the 
ancient  geography  before  the  ancient  climate  may  be  determined. 
To  that  end  the  modifications  in  deposit  due  tb  the  influence  of  the 
local  geographic  conditions  will  first  be  discussed. 

Influence  of  Nature  of  Surface  of  Deposition 
piedmont  slopes — aerial  deltas 
These  arc  more  usually  formed  in  arid  or  sub-arid  climates, 
since  in  such  the  river  waters  progressively  escape,  after  leaving  the 
mountains,  into  the  thirsty  soil  and  air.  The  overloaded  stream  con- 
sequently throws  down  its  burden  of  waste  upon  a  slope  which  may 
vary  from  100  feet  per  mile  in  the  case  of  the  coarser  and  steeper  fans 

'  Col.  Sir  Henry  McMahon,  "Recent  Survey  and  Exploration  in  Seistan,"   The 
Geographical  Journal  of  London,  Vol.  XXVIII,  1906,  pp.  209-228. 
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to  those  which  may  be  as  low  in  grade  as  five  or  ten  feet  per  mile. 
The  latter  are  built  by  the  more  slowly  diminishing  volume  of  the 
larger  streams,  and  their  sands  or  silts,  when  properly  irrigated,  form 
soils  of  the  greatest  richness.  As  an  instance  of  the  physical  condi- 
tions which  may  exist  upon  such  subaerial  delta  fans  there  may  be 
quoted  the  following  description  by  Davis  of  the  plains  of  the  rivers 
which  flow  north  from  the  mountains  of  northern  Afghanistan  into 
the  Kara  Kum  desert: 

The  surface  was  absolutely  plain  to  the  eye,  except  for  the  dunes,  and  the 
dunes  departed  from  the  plain  only  as  wind  waves  at  sea  depart  from  a  calm 
surface.  Although  apparently  level  the  plain  has  slope  enough  to  give  the  Tejen, 
the  Murg-ab,  and  the  Amu  rapid  currents,  in  which  these  rivers  carry  forward 
a  great  volume  of  mountain  waste.  We  were  fortimate  enough  to  see  the  Tejen 
and  the  Murg-ab  in  flood.  The  former  had  overflowed  its  channel  and  spread 
in  a  thin  sheet  for  miles  over  the  plain.  The  latter  would  have  spread  but  for 
the  restraint  of  dykes  at  Merv.  Some  of  its  waters  had  escaped  farther  upstream 
and  came  to  the  raihoad,  wandering  across  the  plain  among  the  dimes,  a  curious 
combination  of  too  much  and  too  little  water  supply.' 

Following  the  inundation  under  natural  conditions  a  temporary 
vegetation  springs  up,  finally  withering  and  giving  place  to  the  desert 
until  the  period  of  the  next  season  of  flood.  Such  districts  of  sedi- 
mentation give  a  maximum  contrast  of  seasons  of  desert  aridity  alter-- 
nating  with  periodic  inundations;  a  contrast  which  is  to  be  regarded 
as  due  not  only  to  the  arid  climate  but  equally  to  the  slope  of  the  sur- 
face supplemented  by  the  porous  nature  of  the  deposits,  allowing  of 
rapid  drainage  followed  by  a  drying  of  the  soil.  In  climates  of  a  semi- 
arid  character,  as  over  the  High  Plains  of  the  United  States,  the  flood 
plains  show  a  similarly  well-drained  character,  the  swampy  areas  being 
found  more  conmionly  among  the  dunes  of  the  upland  than  over  the 
river  plain  and  due  to  aeolian  more  than  to  fluviatile  action.'  In 
wet  climates  the  opportimity  for  deposition  of  waste  upon  such  slopes 
is  more  rare  and  can  occur  in  marked  development  only  where  streams 
in  a  highly  loaded  condition  escape  from  lofty  mountains.  Such 
fans  may  be  noted  among  the  Alps  with  surfaces  free  from  swampy 
areas,  except,  as  in  the  case  of  the  valley  of  the  Upper  Rhone,  where 

I  W.  M.  Davis,  Explorations  in  Turkeslan,  1905,  p  54,  "Carnegie  Institution 
Publications,"  No.  26.* 

»  Sec  the  Brown's  Creek  and  Camp  Clarke,  Nebraska,  quadrangles,  "Topo- 
graphic Sheets,'*  U.  S.  Geological  Survey. 
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opposing  fans  dam  up  the  line  of  confluent  drainage.  The  final 
conclusion,  therefore,  is  that  over  such  piedmont  slopes  there  is  a  great 
freedom  from  areas  of  swamp  and  the  greatest  opportimity  for  dr3ang 
and  aeration  of  the  soil  between  the  times  of  flood.  Such  deposits 
should  normally  show  complete  oxidation  of  the  iron  and  a  complete 
absence  of  carbon.  In  hot  climates  evaporation  from  the  soil  is  very 
rapid  and  oxidation  of  the  humus  is  also  rapid,  resulting  in  the  red 
clays  characteristic  of  the  moist  tropical  climates.  Even  the  short 
intervals  between  rains  which  occur  in  the  most  pluvial  of  tropical 
regions  are  suflScicnt,  therefore,  to  bring  about  the  oxidation  of  the  iron 
and  elimination  of  the  carbon  from  all  but  permanently  swampy 
areas,  giving  rise  to  the  red  muds  of  the  Amazon  and  G)ngo  rivers^. 
In  cool  climates,  on  the  contrary,  evaporation  and  oxidation  are 
both  diminished  in  intensity  with  the  result  that  carbon  may  accumu- 
late upon  slopes  to  an  extent  impossible  in  warmer  climates,  giving 
rise  upon  consolidation  to  carbonaceous  sandstones  or  even  conglom- 
erates. The  existence  of  the  latter  chemical  conditions,  leading  to  the 
accumulation  of  carbon  even  upon  sloping  surfaces,  is  found  only  in 
climates  which  approach  a  continuously  rainy  character  and  possess 
in  addition  cool  summers.  As  an  example,  such  climatic  conditions 
are  found  at  present  upon  the  western  slopes  of  Ireland,  though  the 
accumulating  piedmont  slopes  are  there  wanting.  Peat  sw^amps, 
however,  are  observed  to  exist  upon  hilltops,  slopes,  and  \'alley 
bottoms,  covering  one-seventh  of  the  entire  island.  Many  bogs  pos- 
sess a  grade  suflScient  so  that  in  times  of  excessive  rain  they  may  swell 
and  burst  and  disastrously  flood  the  lower  valleys.  Less  familiar 
but  still  better  examples  are  offered  by  the  cool  and  humid  maritime 
mountain  slopes  of  Alaska.     Of  these  Russell  states : 

About  the  shores  of  Unalaska  and  for  fully  2,000  feet  up  its  nigged  mountain 
slopes  the  vegetation  is  essentially  the  same  as  at  St.  Michaels  upon  the  Yukon 
delta.  In  climbing  the  steep  slopes  about  Uiuliuk  I  often  had  great  assistance 
from  the  dense  mat  of  vegetation  two  or  three  feet  thick,  which,  clinging  to  the 
rocks,  converts  their  angular  crags  and  shattered  crests  into  smooth  domes  of 
soft,  yielding  moss.  On  the  steep  slopes,  as  in  the  swamps,  the  vegetation  is 
always  water  soaked,  owing  to  the  extreme  humidity  of  the  clunate  in  which  it 
thrives.  Lakelets  are  common  on  slopes  and  hillsides  that  would  be  well  drained 
were  it  not  for  the  spongy  nature  of  their  mossy  banks.' 

«  "Notes  on  the  Surface  Geology  of  Alaska,"  Bulletin  of  the  Geological  Society 
of  America,  Vol.  I,  1890,  pp.  125.  126. 
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Turning  to  the  past  for  illustrations  of  these  conclusions,  we  may 
point  out  that  the  coarse,  coal-measure  conglomerates  of  the  Narra- 
gansett  Basin  and  the  less  coarse,  but  still  conspicuous,  Triassic  con- 
glomerates of  the  Connecticut  Valley,  both  give  evidence  of  rather 
local  derivation  and  of  continental  deposition,  evidence  which  cannot, 
however,  as  previously  stated,  be  here  discussed  in  detail.  The  local 
origin  and  coarse  texture  indicate  deposition  upon  slopes  of  at  least 
from  five  to  ten  feet  per  mile  and  possibly  much  greater,  suflScient, 
under  the  usual  climatic  conditions,  for  good  drainage.  The  Triassic 
conglomerates  of  the  Connecticut  Valley  show  a  large  amount  of 
fragmentary  fresh  feldspar,  iron  completely  oxidized,  and  no  trace  of 
carbon,  either  in  the  matrix  or  associated  red  shales,  the  fish  fossils 
being  found  in  the  rare  black  shale  bands.  The  conglomerates  of 
the  Narragansett  Basin,  on  the  other  hand,  with  the  exception  of  the 
Wamsutta  beds,  show  a  bleached  matrix  containing  more  or  less  car- 
bon and  are  associated  with  a  great  volume  of  highly  carbonaceous 
shales. 

From  these  facts  alone,  therefore,  it  would  be  judged  that  the  Car- 
boniferous conglomerates,  granting  their  subaerial  origin,  were  accu- 
mulated during  a  period  of  cool  and  more  or  less  continuously  rainy 
climate. 

The  Triassic  conglomerates,  on  the  other  hand,  are  associated 
with  many  features  of  climatic  significance  which  also  cannot  be 
taken  up  here  in  detail,  but  which  independently  indicate  a  semiarid 
climate  with  hot  summers  and  possibly  cold  winters.  The  character- 
istics, therefore,  of  these  conglomerates,  originating  from  the  same 
geologic  province,  but  in  climatically  dissimilar  geologic  times,  are 
such  as  to  emphasize  the  importance  of  the  present  conclusions  regard- 
ing climatic  influences  upon  the  deposits  of  piedmont  slopes.  Further 
discussion  of  this  subject  must  be  left  for  the  section  on  climatic 
influences. 

LOWER  FLOOD  PLAINS — AQUEOUS   DELTAS 

The  slope  of  graded  streams  progressively  diminishes  from  source 
to  mouth,  the  larger  and  longer  the  stream  the  flatter  the  grade  tending 
to  become.  The  deltas  of  the  larger  rivers  conmionly  possess  a  slope 
of  less  than  a  foot  per  mile,  and  on  the  seaward  margin  pass  into 
practically  level  salt-water  marshes,  underlaid  by  heavy  deposits  of 
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flocculated  clay,  giving  rise  to  conditions  unfavorable  for  either  under- 
ground or  surface  drainage.  In  the  case  of  piedmont  slopes  it  was 
seen  that  in  desert  climates  the  greatest  seasonal  contrasts  exist  between 
too  much  and  too  little  water,  but  that  all  parts  fare  much  alike  and 
become  dried  out  through  the  greater  portion  of  the  year.  Over 
the  lower  flood  plains,  on  the  contrary,  such  striking  contrasts  of 
swamp  and  desert  are  permanent  features  through  series  of  years. 
Using  the  delta  of  the  Colorado  River  as  an  example  of  one  developed 
under  highly  arid  conditions,  Macdougal  describes  in  a  recent  work 
how: 

At  places  where  the  river  is  cutting  into  gravelly  and  sandy  bluffs,  within 
the  compass  of  one  hundred  feet  may  be  foimd  the  most  vivid  contrasts  of  rank 
swamp  vegetation  and  water-loving  plants  having  broad  leaves  and  delicate 
tissues  with  the  toughened  spinose,  and  haiiy  xeroph3rtic  forms  of  the  desert. 

The  quantity  of  food  furnished  by  the  swampy  jun^es  is  sufficient  to  support 
a  vast  amount  of  native  animal  life,  and  furnishes  inviting  feeding-grounds  for 
migrating  birds.  The  countless  millions  of  young  willow  and  poplar,  shoots 
supply  food  for  the  beaver,  which  bids  well  to  hold  out  long  in  the  impassable 
bayous  and  swamps  against  its  trapper  foe. 

Nearer  the  gulf  are  found  great  sloughs,  in  which  are  extensive  fields  of  the 
"wild  rice,"  while  the  land  subject  to  the  action  of  the  overflow  of  the  tides  sup- 
ports a  carpet  of  salt-grass.' 

Similar  areas  of  more  or  less  permanent  swamp,  increasing  toward 
the  seaward  margin,  may  be  noted  as  characteristic  of  other  large 
deltas,  such  as  those  of  the  Nile  and  the  Indus,  developed  as  .with  the 
Colorado  in  truly  desert  regions.  In  ancient  river  deposits,  therefore, 
an  appreciable  proportion  of  paludal  deposits  must  be  expected  to 
occur  over  the  terminal  portions  of  the  delta  under  all  climatic  con- 
ditions, and  such  must  be  allowed  for  in  making  inferences  in  regard 
to  the  ancient  climate.  As  means  for  separating  these  geographic 
and  climatic  factors,  however,  may  be  noted  the  close  association  over 
the  desert  delta  of  paludal  and  desert  conditions  and  the  much  smaller 
proportion  of  swamp  which  is  permanent  than  in  the  case  of  more 
pluvial  climates.  In  the  long  seasons  of  dessication  all  but  the  lowest 
bottoms  become  dried  out  and  mud-cracked." 

»  "The  Delta  of  the  Rio  Colorado,'*  Bulletin  of  the  American  Geographical  Society, 
January,  1906,  pp.  4,  10,  11. 

a  D.  T.  Macdougal,  op.  cit.;   see  Fig.  i. 
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A  number  of  conditions  besides  the  climate  will  be  found,  however, 
to  affect  the  ratio  over  the  marginal  portion  of  the  delta,  of  swamp 
to  the  well  drained  areas.    These  may  be  enumerated  as  follows : 

First,  a  slowly  rising  water  level  tends  to  flood  the  lower  portion  of 
a  delta  and  bring  large  tracts  into  the  condition  of  permanent  swamps. 
As  such  movements  of  water  level  are  variable  and  intermittent  the 
extent  and  ratio  of  the  seaward  paludal  deposits  seen  in  cross-section 
in  ancient  deltas  will  vary  through  the  section.  Such,  however,  will 
be  practically  absent  from  the  region  of  the  apex  of  the  delta,  but  will 
be  marginal  to,  and  most  commonly  underlie,  marine  strata  marking 
invasions  of  the  sea. 

Second,  the  contest  of  two  or  more  rivers  in  building  up  a  common 
flood  plain  or  delta  results  in  the  damming  back  of  the  weaker  members 
of  the  system.  The  paludal  regions  tend  to  migrate  away  from  the 
greater  sources  of  sediment. 

Third,  the  possession  of  a  wide  flood  plain,  as  in  the  case  of  the 
lower  Mississippi  Valley,  is  liable  to  result  in  a  considerable  area  of 
back  swamp,  there  being  less  infilling  from  the  sides,  and  the  river 
with  its  natural  levees  occupying  a  lesser  portion  of  the  whole. 

As  factors  tending  on  the  contrary  toward  good  drainage  of  the 
lower  river  plains  may  be  mentioned :  first,  a  stationary  or  even  slowly 
subsiding  water  level;  second,  the  possession  of  a  flood  plain  by  a 
single  river  such  as  the  Nile  as  contrasted  with  the  Euphrates-Tigris 
system  of  Mesopotamia;  third,  aggradation  within  a  confined  valley, 
exemplified  by  the  Great  Valley  of  California,  where  side  wash  is 
present  to  such  an  extent  that  the  ground  slopes  gently  but  continu- 
ously from  the  hillsides  to  the  trough  of  the  valley. 

ELIlilNATION  OF  LOCAL   GEOGRAPHIC  FACTORS 

The  preceding  discussion  has  dealt  with  the  upper  or  lower  flood 
plains  of  the  river  system  as  a  whole  and  it  has  been  seen  that  the 
character  of  the  sediments  deposited  must  be  largely  influenced  by 
the  physical  conditions  existing  in  the  region  of  deposition,  whether 
near  the  mountains  as  piedmont  slopes,  or  at  a  distance  as  deltas 
built  into  shallow  seas.  Within  the  confines  of  the  terminal  deltas, 
however,  there  exists  greater  local  diversity  of  conditions. 

In  the  study  of  ancient  deposits  now  exposed  to  view  in  scattered 
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and  fragmentary  sections  such  a  comprehensive  knowledge  of  the 
limits  and  siurface  nature  of  the  original  formation  becomes,  however, 
a  difficult  problem.  Certain  rules  should,  therefore,  be  formulated, 
by  following  which  the  local  geographic  conditions  may  be  most 
largely  eliminated  from  the  problem  of  the  climatic  interpretation. 
Such  rules  may  be  stated  as  follows:  First,  the  general  direction  of 
the  former  land  on  the  one  hand  and  of  the  sea  on  the  other  is  ordi- 
narily readfly  determinable.  The  deposit  is  coarsest,  the  slope  of  the 
river-plain  steepest,  the  siurface  and  underground  drainage  best,  over 
those  portions  of  the  deposit  nearest  the  source  of  sediment.  The 
highest  proportion  of  continental  as  opposed  to  marine  strata  will 
ordinarily  be  foimd  in  the  same  region.  This,  therefore,  will  be  the 
most  favorable  place  for  the  study  of  all  but  the  chemical  or  organic 
deposits.  Second,  toward  the  landward  or  upstream  side  the  thick- 
nesses of  the  formation  will  commonly  vary  along  successive  outcrops. 
Such  variable  thicknesses  may  be  due  either  to  excessive  subsidence 
causing  drainage  of  the  sediments  toward  and  into  the  basin,  filling  it 
in;  or  excessive  sedimentation  building  up  piedmont  slopes,  the  excess 
passing  outward  in  other  directions,  or  to  a  combination  of  both 
conditions.  Observation  of  ancient  geosynclines,  such  as  that  which 
faced  Paleozoic  Appalachia,  shows  that  in  many  cases  excessive  sedi- 
mentation in  the  \ncinity  of  some  large  river  appears  to  be  the  more 
common  and  fundamental  cause,  the  zone  of  maximum  deposition 
being  characterized  at  the  same  time  by  the  coarsest  material  and  a 
decreased  proportion  of  chemical  and  organic  deposits.  In  continen- 
tal formations,  therefore,  the  region  of  maximum  thickness,  as  well 
as  greatest  coarseness,  is  usually  the  most  favorable  for  the  study  of 
the  mechanical  conditions  of  deposition.  Third,  the  regions  of 
scanty  sedimentation  and  the  paludal  zone  facing  the  ancient  water 
body  are  the  most  favorable  for  the  development  of  chemical  and 
organic  deposits.  Under  arid  climates  will  here  be  found  beds  of 
salt  and  gypsum  intercalated  with  both  continental  and  marine 
argillaceous  strata,  possibly  associated  with  a  small  amount  of  varie- 
gated shales;  but,  judging  from  geolbgical  experience,  never  deposits 
of  c^bon.  Under  typically  rainy  cHmates,  on  the  other  hand,  what- 
ever occasional  deposits  of  salt  arufl  gypsum  may  form  are  speedily 
washed'away  dining  a  following  ^ason  of  rain,  and  the  permanently 
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flooded  condition  of  the  swamp  areas  leads  to  the  preservation  of 
carbonaceous  strata. 

With  the  accentuation  of  climates  toward  aridity  or  toward  a 
cool  and  continuously  pluvial  condition,  these  chemical  and  organic 
deposits,  developed  most  typically  on  the  distal  margin  of  the  delta, 
spread  inland  and  become  of  greater  geological  importance,  as  illus- 
trated by  the  brine  pools  of  the  desert  delta  of  the  Volga,  on  the  one 
hand,  or  the  impenetrable  flooded  jungles  of  the  Amazonian  silvas, 
on  the  other. 

Climatic  Influences  in  Regions  of  Deposition 

The  geographic  and  climatic  influences  in  the  regions  of  erosion 
produce  two  effects  in  the  region  of  deposition.  One,  a  chemical  and 
mineralogical  influence  which  becomes  generalized  and  vague  with 
prolonged  transportation;  the  other  through  variations  in  erosion 
causing  variations  in  the  coarseness  and  quantity  of  waste,  also  becom- 
ing masked  by  the  effects  of  long  transportation.  On  piedmont  slopes, 
therefore,  being  nearer  the  headwaters,  the  climatic  conditions  of 
erosion,  of  transportation,  and  of  deposition  all  find  obvious  expres- 
sion; but  over  the  more  distant  parts  of  a  river  system  the  more  con- 
spicuous factors  governing  the  nature  of  the  sedimentation  are  the 
variable  nature  of  tlu  transportation^  regulating  the  coarseness  and 
quantity  of  the  waste,  and  the  variable  climatic  conditions  existing 
in  the  region  of  deposition,  largely  governing  the  chemical  and  mineral 
nature  of  the  deposit.  The  microscope  and  the  chemical  analysis 
will  still,  however,  be  able  to  trace  underlying  influences  due  to  the 
nature  of  erosion,  as  indicated  by  existing  deposits  of  loess  in  Missis- 
sippi and  red  laterite  muds  spread  in  places  upon  the  bottoms  of  tropical 
seas. 

In  taking  up  in  detail  the  present  topic  of  the  influence  of  climate 
in  regions  of  deposition,  the  effects  upon  the  deposits  of  four  kinds 
of  climates  may  be  considered,  namely,  constantly^ rainy,  intermittently 
rainy,  subarid,  and  arid.  The  effects  of  iucreased  cold,  by  preventing 
evaporation,  produce  results  similar  to  an  increased  and  more  con- 
tinuous rainfall.  Cool  summers  rather  than  cold  winters  are  more 
effective  in  this  way  and  lead  in  northwestern  Europe  to  the  production 
of  extensive  peat  deposits  in  regions  which  receive  but  twenty-five  to 
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forty  inches  of  rain  per  year,  distributed,  however,  rather  uniformly 
through  the  seasons.  Where  the  cold  is  prolonged  and  intense,  how- 
ever, as  found  over  the  tundras  within  the  Arctic  Circle,  a  fifth  class, 
that  of  the  frigid  climates,  may  be  considered. 

EFFECTS  OF  CONSTANTLY  RAINY  CLIMATES 

Constantly  rainy  climates  are  defined  by  W.  Koppen  as  those 
where  no  month  has  less  than  fifteen  rainy  daj^.'  Such  climates  are 
dominant  south  of  south  lat.  45®,  touching  southwestern  Patagonia, 
Tierra  del  Fuego,  and  southern  New  Zealand.  Another  large  area 
exists  in  the  North  Atlantic,  touching  Iceland  and  approaching  the 
shores  of  Ireland,  Scotland,  and  Norway.  Certain  tropical  areas 
also  have  nearly  constantly  rainy  climates,  at  least  six  days  in  every 
month  beiQg  rainy,  the  northern  half  of  the  basin  of  the  Amazon  being 
the  most  notable  from  the  present  point  of  view.  In  such  regions  the 
forest  vegetation  attains  its  maximum  development,  the  cooler  parts 
of  the  temperate  zones  hardly  lagging  behind  the  most  favored  tropics 
in  luxuriance,  provided  that  the  winter  winds  are  moist,  the  soil  and 
antecedent -vegetation  have  been  spared  by  glaciation,  and  the  more 
recent  forests  by  man.  On  the  southwestern  side  of  Patagonia,  for 
instance,  in  south  lat.  55°,  Hatcher  speaks  of  a  vegetation  so  profuse 
as  to  suggest  that  he  had  been  transported  into  the  midst  of  some  tropi- 
cal jungle."  Dusdn  states  also  that  in  the  interior  of  Tierra  del  Fuego, 
near  the  harbor  of  Puerto  Angosta,  the  typical  virgin  forest  reminded 
him  of  the  West  African  virgin  forests  which  he  had  seen.^ 

In  this  connection  the  observations  of  Darwin  upon  the  forests  of 
Tierra  del  Fuego  are  significant.  He  mentions  the  thick  bed  of 
swampy  peat  covering  the  steep  slopes  above  the  timber  line  whfle 
of  the  almost  impenetrable  forest  below  he  states : 

In  the  valleys  it  was  scarcely  possible  to  crawl  along,  they  were  so  completely 
barricaded  by  great  mouldering  tnmks,  which  had  fallen  down  in  every  direc- 
tion. When  passing  over  these  natural  bridges,  one's  course  was  often  arrested 
by  sinking  knee-deep  into  the  rotten  wood;  at  other  times  when  attempting  to 
lean  against  a  firm  tree,  one'was  startled  by  finding  a  mass  of  deca3red  matter  ready 

X  Barlholomeiv's  Physical  AOas,' Vol  III,  1899,  Plate  XDC. 
«  Princeton  Patagonia  Expeditions,  Vol.  I,  1903,  p.  150. 

3  P.  Dus^n,  "Ucber  die  Vegetation  der  feuerlandischen  Inselgnxppe/*  Engkrs 
JahrbUcher,  Band  XXIV,  1898. 
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to  fall  at  the  slightest  touch.'  ....  The  entangled  mass  of  the  thriving  and 
the  fallen  reminded  me  of  the  forests  within  the  tropics — yet  there  was  a  differ- 
ence: for  in  these  still  solitudes,  death,  instead  of  life,  seemed  the  predominant 
spirit* 

These  statements  bring  into  prominence  the  slowness  of  organic 
decay  in  cool  climates  and  its  rapidity  in  warm,  permitting  the  accumu- 
lation of  dead  vegetable  matter  in  the  one  region,  quickly  removing 
it  from  view  in  the  other.  Schimper  also  calls  attention  to  the  relative 
poverty  of  humus  in  tropical  soils  and  emphasizes  the  statement  that 
peat  is  never  produced  in  the  tropics  except  on  mountains  over 
1,200  meters  in  height.^ 

Influence  of  arctic  climates. — Within  the  colder  portions  of  the 
temperate  zones  a  lesser  rainfall  and  severer  winters  result  ia  a  some- 
what diminished  luxiuiance  of  vegetation,  but,  as  previously  noted, 
on  accoimt  of  the  less  intense  evaporation  and  oxidation  notable 
deposits  of  carbon  may  still  result.  In  the  interior  of  Alaska  the  pre- 
cipitation varies  from  about  ten  inches  per  year  on  the  eastern  bound- 
ary to  about  twenty-five  inches  per  year  where  the  iaterior  province 
passes  on  the  west  into  the  relatively  humid  Bchring  Sea  province. 
The  heaviest  precipitation  is  in  summer,  but  is  alwa)rs  moderate  in 
amount.-*  Under  these  conditions  of  rainfall,  which  in  a  hotter 
climate  would  lead  to  aridity  or  semiaridity,  there  is  here  found  on 
the  lowlands,  where  these  are  within  the  timber  line,  a  luxuriant 
forest  of  spruce  and  willow  with  an  undergrowth  of  cryptogamic 
character. 

Within  the  Arctic  Circle  beyond  the  limit  of  arboreal  vegetation 
exist  the  vast  treeless  moss-covered  plains  known  as  the  tundra,  per- 
petually frozen  below  the  depth  of  a  foot  or  two.  In  the  far  north  the 
tundra  may  be  developed  under  a  rainfall  of  not  over  ten  inches  per  year, 
but  in  such  regions  the  vegetation  is  meager  and  barely  covers  the 
sofl.  Farther  south,  however,  and  in  more  rainy  districts  a  thick 
carpet  of  peaty  vegetable  matter  may  accumulate.  A  tundra  of  this 
character  is  found  on  the  delta  of  the  Yukon  under  a  rainfall  of  from 

«  "Ascent  of  Mount  Tam,"  The  Voyage  of  the  Beagle^  June,  1834. 

*  Ihid,f  "Scenery  of  the  Mountains  and  Retrospect." 

3  Plata  Geography,  1898  (Eng.  trans.),  pp.  381,  382. 

4  Cleveland  Abbe,  Jr.,  "Climate  of  Alaska,"  pp.  147,  154-157,  Professional 
Paper  No.>S,  U.  S,  GeoiogUal  Survey,  1906. 
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eighteen  inches  at  St.  Michaels  to  thirty-three  inches  at  Fort  Alexander, 
the  precipitation  occurring  largely  as  rain  and  from  May  to  October.' 
Russell,  speaking  of  the  tundra  as  developed  upon  the  delta  of 
the  Yukon  and  the  south,  says: 

General  characters. — ^The  tundra  in  typical  kxralities  is  a  swampy,  moderately 
level  country,  covered  with  mosses,  lichens,  and  a  great  nimiber  of  small  but 
exceedingly  beautiful  flowering  plants,  together  with  a  few  ferns.  The  soil  be- 
neath the  luxuriant  carpet  of  dense  vegetation  is  a  dark  humus,  and  at  a  depth 
exceeding  about  a  foot  is  always  frozen.  On  its  surface  there  are  many  lakelets 
and  ponds  surrounded  by  banks  of  moss  even  more  luxuriant  than  on  the  general 
surface.  It  is  not  always  a  level  plain,  however,  but  is  h^equently  undulating 
and  may  surround  and  completely  cover  hiUs  of  considerable  elevation.  The 
dense  tundra  vegetation  also  extends  up  the  mountain  side  and  occupies  the 
entire  region  where  the  conditions  are  favorable  for  its  formation.  At  the  locali- 
ties where  I  examined  it  the  whole  siuface,  excepting  the  faces  of  steep  cliffs 
and  the  summits  of  high  mountauis,  was  covered  with  the  same  dense  brown 
and  green  carpet.  The  characteristics  are  the  abundance  of  mosses  and  lichens 
and  the  absence  of  trees.  Cryptogamic  pl&nts  make  more  than  nine-tenths  of 
its  mass.  On  their  power  to  grow  above  as  they  die  and  decay  below  depends 
the  existence  of  the  tundra. 

The  depth  of  the  humus  layer  beneath  the  moss  was  found  to  be  about  two 
feet  at  St.  Michaels.  A  mile  east  of  the  village  it  was  about  twelve  feet.  In  the 
delta  of  the  Yukon  a  depth  of  over  fifteen  feet  was  seen  at  one  locality.  As 
satisfactory  sections  are  rare,  these  measurements  do  not  indicate  its  average 
thickness.  A  depth  of  150  to  300  feet  has  been  assigned  by  several  observers 
to  the  tundra  where  it  is  exposed  in  a  sea  cliff  on  Eschscholtz  Bay,  at  the  head 
of  Kotzcbue  Sound.' 

Chemical  nature  of  deposits  0}  constantly  rainy  climaUs. — The 
distinctive  chemical  effects  are  to  be  noted  in  the  absence  or  small 
amount  of  the  soluble  elements,  embracing  iron,  magnesia,  lime, 
potash,  and  soda,  and  in  contrast,  the  presence  of  carbon.  Owing 
to  the  diminished  evaporation  and  the  constant  satiuration  of  the  soil 
of  the  entire  flood  plain,  aeration  and  oxidation  of  the  soil  is  prevented 
while  the  decaying  organic  matter  results  in  deoxidizing  effects. 
Where  the  leaching  and  deoxidizing  actions  have  fullest  opportimities 
for  work,  as  in  the  clay  soils  beneath  swamps,  all  soluble  plant  food 
may  be  leached  out.     Where  the  chemical  effects  are  less  pronoimced 

»  Cleveland  Abbe,  Jr.,  op.  cU..,  pp.  146,  152. 

«  I.  C.  Russell,  "Notes  on  the  Surface  Geology  of  Alaska,"  Bulletin  0/  the  Geologi- 
cal Society  0/  America,  Vol.  I,  pp.  125-27. 
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the  iron  may  be  deoxidized  and  concentrated,  but  not  eliminated. 
The  colors  of  the  deposits  are  consequently  white  or  black  or  gray. 
These  opposed  relations  of  carbon  and  iron  and  the  leaching  of  soluble 
components  from  the  fire-clays  underlying  swamp  deposits  as  derived 
from  the  study  of  modem  instances  are  seen  to  correspond  to  the  nature 
of  the  coal-measures  and  the  conditions  of  moisture  necessary  for 
their  formation  have  long  been  emphasized,  but  the  added  condition 
of  coolness  as  favoring  more  extensive  accumulations  of  carbonaceous 
character  has  not  until  within  the  past  few  years  been  generally  recog- 
nized. The  great  influence  of  coolness  was  perhaps  first  pointed  out 
by  Russell,  who  in  connection  with  the  carbonaceous  deposits  of  Alaska 
expresses  the  following  opinion : 

A  possible  origin  of  coal  seams. — So  vast  is  the  amount  of  vegetable  matter 
now  imprisoned  in  the  timdraof  the  North,  that  I  venture  to  suggest  that  possibly 
some  coal  seams  may  have  had  a  similar  origin. 

This  suggestion  does  not  seem  so  very  unreasonable  when  one  remembers 
that  except  in  the  drcimipolar  tundra,  deposits  of  vegetable  matter  are  nowhere 
acctmiulating  at  the  present  day  to  anything  like  the  extent  or  thickness  required 
for  the  formation  of  coal  fields  like  the  one,  for  example,  of  which  Pennsylvania 
still  retains  a  renmant.  Botanists  will  say  at  once,  in  opposition  to  this  sugges- 
tion, that  the  flora  of  most  of  our  coal  fields,  and  especially  those  of  Paleozoic 
age,  indicate  tropical  or  sub-tropical  conditions.  The  flora  of  the  tundra,  how- 
ever, like  the  plants  of  the  Carboniferous,  is  essentially  and  characteristically 
cryptogamic.  Two  species  of  Equisetum,  which  may  be  considered  as  repre- 
senting the  Calamites  of  former  times,  flourish  with  rank  luxuriance  over  great 
areas  along  the  Yukon.* 

It  is  further  desired  at  this  place  to  call  attention  to  the  other 
chemical  characters  of  the  deposits,  by  which  even  without  the  pres- 
ence of  carbon  the  rainy  nature  of  the  climate  may  be  inferred.  Vari- 
ous investigators  have  shown  that  in  those  portions  of  tropical  soils 
leached  by  heavy  rainfall  which  are  soluble  in  hydrochloric  acid 
soda  is  quite  absent,  potash  is  low,  the  residual  soils  usually  not 
possessing  over  o.i  per  cent.*  of  potash  and  the  river  alluvium  not 
over  o.  2  to  0.3  per  cent.,^  the  leached  alluvium  of  Assam,  a  region  of 
extremely  heavy  rainfall,  containing  but  about  ^ne-half  the  potash 
of  the  drier  soils  of  the  Indo-Gangetic  plain.    The  same  characteristics 

X  Op,  cU.,  pp.  127, 1 28. 

•  E.  W.  Hilgard,  Soils,  1906,  p.  355. 

3  Op.  cU.,  pp.  4i3»  413. ' 
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would  be  evident  upon  a  complete  analysis  of  the  alluvium,  but  unfor- 
tunately for  geological  purposes  such  complete  anal)rses  of  soils  are 
seldom  made-  Lime  exists  in  higher  percentage  in  river  alluvium 
than  in  upland  soils,  but  Mann  has  shown  that  it  is  extremely  deficient 
in  the  soils  subjected  to  heavy  rainfall,  the  general  average  in  the  Assam 
alluvium  soluble  in  hydrochloric  acid  being  about  0.08  per  cent.,  as 
against  nearly  i.o  per  cent,  in  the  average  Indo-Gangetic  soil.'  It 
is  noticeable  that  in  the  true  tropical  soils  the  content  of  magnesia  is 
considerably  above  that  of  lime;  a  fact  readily  intelligible  from  the 
more  ready  solubility  of  lime  in  carbonated  water.*  That  it  is  leached 
out  also,  however,  is  indicated  by  its  content  of  0.5  per  cent,  in  the 
soluble  portion  of  the  Assam  tea  soils  as  contrasted  with  its  presence  to 
the  extent  of  i .  3  per  cent,  in  the  soluble  portion  of  the  Indo-Gangetic 
alluvium.3  The  iron  of  the  Assam  soils  is  also  low,  but  it  is  not 
deficient  in  tropical  soils  in  general,  giving  on  the  contrary  a  character- 
istic red  to  such  lands  as  Madagascar  and  Ceylon. 

The  continuously  rainy  climates  may  be  divided  into  those  situated 
in  the  equatorial  belt,  usually  possessing  at  least  short  dry  seasons, 
and  those  situated  in  the  cooler  parts  of  the  temperate  zones.  The 
preceding  discussion  on  the  chemical  distinctions  has  been  largely 
based  upon  soils  of  the  torrid  zone  or  warm  temperate,  as  in  the  case 
of  the  Assam  alluvium.  In  the  cold  temperate  regions  recent  glacia- 
tion  has  in  many  cases  prevented  the  establishment  of  normal  chemical 
relations  between  the  rocks  and  the  atmosphere,  but  such  observations 
as  have  been  made  indicate,  as  was  shown  in  Part  I,  that  decom- 
position is  greatly  reduced.  From  the  foregoing  it  may  be  concluded 
that  the  broad  association  of  carbon  with  sediments  which  are  thor- 
oughly decomposed  and  leached  throughout  is  the  mark  of  continu- 
ously rainy  climates  which  are  tropic  or  at  least  warm  temperate; 
with  sediments  imperfectly  decomposed  and  incompletely  leached 
the  mark  of  more  or  less  continuously  rainy  climates  which  are  in 
addition  cool  or  cold.  The  best  microscopic  test  after  the  lithificatioQ 
of  the  alluvium  may  be  the  absence  or  presence  of  potash  minerals. 
The  carbonaceous  shales  of  the  anthracite  coal-measures  of  Pennsyl- 
vania, except  the  fire  clays  immediately  below  the  coal  beds,  possess  a 
marked  abundance  of  muscovite,  indicating  the  presence  of  considcr- 

»  Hilgard,  op,  cU.,  p.  413.  «  Op.  cil.,  p.  405.  s  Op.  cU.^  p.  413. 
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ble  potash  and  magnesia.  From  this  would  be  inferred  an  origin 
nder  cool  climatic  conditions,  in  line  with  the  inference  previously 
rawn  from  the  Carboniferous  conglomerates  of  Rhode  Island — 
ailing  attention  to  the  importance  of  microscopical  or  chemical 
lamination  and  comparison  of  argillaceous  sediments  of  similar 
ontinental  but  presumably  of  unlike  climatic  origin.  In  contrast 
nth  the  muscovite  shales  of  the  coal-measures  may  be  noted  the 
ibsence  of  muscovite  in  the  carbonaceous  shales  of  the  Hudson  River 
ind  Hamilton  periods  which  underlie  the  Carboniferous  and  have 
X)nsequently  been  subjected  to  equal  or  even  greater  metamorphism. 
l\Tiile  these  latter  shales  are  of  marine  origin  it  is  not  clear  that  that 
act  alone  could  lead  to  this  peculiar  distinction. 

That  a  cool  climate,  while  undoubtedly  favorable,  is  not  necessary 
or  the  production  of  coal-measures  is,  however,  shown  at  the  present 
ime  by  the  swamps  of  the  Amazon  and,  in  the  past,  by  the  warm- 
:emperate  flora  of  the  Eocene  coals  of  the  Pacific  slope.  The  absence 
>f  frost  rather  than  a  hot  climate  is,  however,  all  that  is  necessarily 
implied  by  the  Eocene  vegetation. 

EFFECTS  OF  INTERMITTENTLY  RAINY  CLIMATES 

IfUermediate  character  of  deposits. — Climates  of  this  class  are 
such  as  characterize  those  portions  of  the  world  where  crops  may  be 
^wn  without  the  aid  of  irrigation,  but  where  one  or  more  months 
may  be  relatively  free  from  rain.  Under  these  familiar  conditions 
the  soil  of  the  flood  plains  normally  contaias  considerable  humus, 
but  much  of  it  is  yellow  or  red,  instead  of  brown  or  black,  from  the 
subordination  in  quantity  of  the  humus  to  the  ferric  hydrate.  The 
greater  part  of  the  soil  of  flood  plains  is  sufficiently  dry  during  a  grow- 
ing season  for  such  crops  as  corn  and  cotton.  The  clays  are  slightly 
odcareous  and  occasionally  sufficiently  so  to  give  rise  to  the  so-called 
"buckshot"  soils  such  as  are  found  over  portions  of  the  Mississippi 
flood  plain.*  The  subsoils  of  such  plains  are  observed  to  carry  more 
compact  clay  and  less  humus  than  the  soil,  the  carbon  thus  gradually 
disappearing  with  depth  in  aerated  sofls. 

Only  in  the  lower  bottoms  or  abandoned  ox  bows  is  the  land  so 
saturated  with  moisture  that  swamp  vegetation  dominates,  organic 

>  E.  W.  Hilgard,  Soils  in  the  Humid  and  Arid  Regions^  1906,  p.  116. 
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matter  indefinitely  accumulates,  and  the  iron  is  eliminated  or  at  least 
reduced  partly  to  the  ferrous  conditions,  giving  rise  to  the  blue  and 
green  clays  found  in  the  subsoils  of  certain  imdrained  lands.  From 
the  discussion  on  the  climatic  significance  of  color,  as  given  in  a  later 
portion,  it  is  believed  that  the  usual  yeUow  or  brown  of  such  flood-plain 
deposits  frequently  deepens  upon  the  consolidation  into  shades  of 
red  or  deeper  brown.  When  such  flood-plain  deposits  are  buried 
and  lithified  the  upstream  portions  will  consequently  be  found  some- 
what more  arenaceous,  varying  from  red  to  brown  sandstones  and 
usually  inclosing  red,  green,  and  some  black  shales;  the  last  in  very 
subordinate  quantity.  Over  the  terminal  land  portions  of  the  deposit 
on  the  contrary  the  sandstones  should  be  finer  grained  and  the  quantity 
of  shales  should  increase.  With  this  increase  in  shales,  grey,  green,  and 
black  varieties  should  be  relatively  more  abundant  and  thin  lenticular 
discontinuous  coal  beds  may  be  expected  to  occur.  Thick,  uniform, 
and  widespreading  coal  deposits  are,  however,  theoretically  impos- 
sible, since  the  swamp  areas  arc  restricted  to  the  lowest-lying  portions 
of  the  plain. 

Organic  characteristics. — A  forest  growth  normally  covers  the 
entire  surface  of  such  flood  plains,  varying  from  mesophytic  to  hydro- 
phytic  t3rpes,  sah  marshes  marginal  to  the  sea  and  internal  shallow 
lakes  alone  being  occupied  by  reedy  growths.  The  alternate  wetting 
and  drying  occurring  in  such  soils  leads  to  the  rapid  humification  of 
animal  and  vegetable  substances,  and  ultimately  to  their  complete 
destroyal.  Consequently,  but  few  fossil  evidences  will  remain 
beyond  the  casts  of  leaves  and  trunks  occurring  in  the  lighter-colored 
shales  and  sandstones,  and  the  preservation  of  some  carbonized  tissues 
in  the  occasional  black  and  coaly  shales. 

Conclusioft  on  unappreciated  extent  of  such  deposits. — In  conclusion 
it  may  be  said  that  the  deposits  of  intermittently  rainy  climates  are 
of  a  chemical  and  organic  character  intermediate  between  those  of 
continually  rainy  climates  on  the  one  hand  and  those  of  a  subarid  or 
arid  character  on  the  other,  lacking  the  sharply  distinguishing  char- 
acteristics of  each.  In  consequence  of  the  absence  of  such  distinctive 
marks  such  deposits,  while  abundant,  may  be  the  most  difficult  of  con- 
tinental formations  to  distinguish  and  convincingly  separate  from 
those  of  shallow-water,  oflF-shore  marine  origin. 
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The  section  of  the  Ganges  delta  given  by  the  Calcutta  borehole 
hows  no  trace  of  marine  deposits,  but  on  the  other  hand  the  proofs 
)f  land  surfaces  in  the  form  of  ancient  swamp  deposits,  even  in  this 
narginal  portion  of  the  delta,  were  encountered  only  at  two  levels 
n  the  481  feet  of  the  boring.'  Scattered  vegetable  matter  and  the 
xMies  of  terrestrial  mammals  and  fluviatile  reptiles  which  were  found, 
^hile  suggestive  of  continental  deposition,  may  possibly  occur  in 
)flf-shore  marine  deposits  and  alone  do  not  conclusively  demonstrate 
lie  continental  origin.  Farther  inland,  at  Umballa,  on  the  water- 
ihed  of  the  Indo-Gangetic  plain,  a  bore-hole  701  feet  deep  passed 
:hrough  alternations  of  sand  and  clay,  the  colors  usually  red  or  brown 
i)ut  with  some  clays  blue  and  black.  In  places  the  bore-hole  encoun- 
:ered  a  few  pebbles  and  bowlders,  but  no  mention  is  made  of  organic, 
nemains,  which  according  to  Medlicott  and  Blanford  occur  but  rarely 
in  the  alluvial  formations  of  the  Gangetic  plain."  Numerous  layers 
>f  Kankar  (concretionary  strata  of  calcium  carbonate)  suggest  the 
previous  existence  at  this  place  of  the  semiaridity  which  now  prevails 
:n  that  region.  The  Mississippi  delta  shows  much  of  the  same  char- 
icteristics  as  that  of  the  Ganges  at  Calcutta.  Consequently,  where 
;ands  and  clays  or  their  consolidated  representatives  constitute  a 
ormation  with  no  trace  of  marine  fossils  but  possessing  even  fragmen- 
ary  remains  of  land  life,  it  is  to  be  concluded  with  high  probability, 
f  no  other  evidence  overweighs  the  decision,  that  the  entire  formation 
s  continental  and,  further,  if  no  positive  marks  of  other  climatic 
:onditions  are  evident,  that  it  was  probably  formed  on  a  river  flood 
Dlain  under  the  intermittently  rainy  climates,  which,  though  at  times 
liminished  and  again  magnified  in  importance,  have  yet  existed  unin- 
«rruptedly  through  all  geologic  time  and  formed  those  shifting  zones 
within  which  the  chemical  activities  of  the  atmosphere  and  the  bio- 
ogic  forces  of  terrestrial  evolution  have  found  their  fields  for  fullest 
iction. 

EFFECTS  OF  SEMIARID  CLIMATES 

Chemical  and  structural  characteristics, — Semiarid  climates  are 
hose  where  irrigation  is  usually  necessary  for  the  maturing  of  crops 

»  Medlicott  and  Blanford,  A  Manual  of  tfie  Geology  of  India,  Part  I,  1879,  pp. 
97-400. 

•  Op.  cU.,  pp.  401,  40a. 
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or  where  protracted  periods  of  drought  are  to  be  expected  during  cer- 
tain seasons  of  the  year.  In  temperate  latitudes  this  corresponds 
roughly  to  between  ten  and  twenty  inches  of  annual  rainfall.  Under 
such  conditions,  as  illustrated  over  the  High  Plains  of  the  United 
States  and  much  of  the  Cordilleran  province,  the  humus  is  oxidized 
out  of  the  soil  more  rapidly  than  in  more  rainy  climates,  being  defi- 
cient in  amount  but  rich  in  nitrogen;  the  iron  is  not  leached  or  concen- 
trated, except  in  the  presence  of  occasional  shallow  lakes  or  swamps; 
the  soil  is  uniformly  high  in  potash,  lime,  and  magnesia.  The  potash 
is,  moreover,  largely  in  the  form  of  comminuted  orthoclase,  giving  less 
plasticity  to  the  finer  elements  of  the  soil.'  Very  little  distinction  is 
to  be  noted  between  the  soil  and  subsoil  of  alluvial  plains. 

The  swampy  portions  of  the  flood  plain  largely  become  dry  during 
the  long  dry  season,  excluding  fishes  and  offering  favorable  breeding- 
places  for  mosquitoes  during  the  times  that  the  swamps  exist.  The 
delta  regions  of  subarid  climates  arc  consequently  particularly  malari- 
ous. As  examples  of  such  deltas  may  be  cited  those  along  the  north 
shores  of  the  Mediterranean.  The  Gedis,  flowing  into  the  Gulf  of 
Smyrna,  possesses  extensive  delta  swamps  dry  during  the  summer,* 
while  the  small  proportion  of  swamp  in  the  case  of  the  Nile  delta  in 
a  truly  arid  climate  is  to  be  compared  with  the  extensive  swamps  of 
the  Missbsippi.  Other  factors  besides  climate,  however,  may  assist  in 
governing  the  ratio  of  swamps  in  the  latter  cases.  The  thorough 
seasonal  oxidation  which  is  thus  allowed  of  nearly  all  deposits  except 
those  made  in  permanent  water  bodies  should  result,  upon  their 
incorporation  into  the  geological  record,  in  a  marked  dominance  of 
deep-red  and  brown  shales  and  sandstones,  a  moderate  amount  of 
variegated  shales,  confined  almost  entirely  to  the  marginal  portion 
of  the  deposit,  and  few  or  none  holding  carbon.  Lime  will  exist 
disseminated  in  noticeable  amount  through  both  shales  and  sand- 
stones and  may  occasionally  give  rise  to  markedly  nodiilar  or  solid 
calcareous  strata. ^  The  microscope  should  show  some  muscovite 
and  in  addition  a  noticeable  amount  of  feldspar  in  the  finer  portions 

I  £.  W.  Hilgard,  Soils ^  1906,  chaps,  xx,  xxi. 

a  G.  R.  Credner,  "Die  Deltas,  ihre  Morphologie,fgeographische  Verbreitung  und 
Entstehungsbedingungen,  Petermann*s  MiUh,  Ergdnzungsheji^  No.  56,  Vol.  XII, 
1878,  Plate  I. 

3  Medlicott  and  Blanford,  Geology  oj  India,  1879,  Part  I,  chaps,  zvi,  xvii. 
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i  the  rock.  The  contrast  between  the  river  deposits  of  humid  and 
Libarid  regions  is  well  brought  out  by  the  comparison  of  the  alluvium 
i  the  Indo-Gangctic  plain  with  that  of  the  Brahmapootra  in  Assam, 
he  material  in  both  cases  coming  from  the  same  mountain  system.^ 

The  most  marked  chemical  distinction  of  subarid  flood-plain 
leposits  from  those  of  truly  arid  regions  is  found  in  the  small  quantity 
)f  evaporation  deposits  of  calcium  carbonate,  gypsum,  and  salt,  but 
especially  of  the  two  latter.  Lime  may  be  quite  abundant,  as  shown 
Dy  the  Kankar  of  the  Indo-Gangetic  plain,  its  importance  depending 
argely  upon  the  quantity  in  solution  in  the  river  water.  Gypsum 
ind  salt,  however,  formed  by  the  evaporation  of  salt  lagoons  bordering 
the  sea,  are  largely  washed  out  by  the  rains  and  floods  of  the  rainy 
season.  As  gypsum  and  salt  impregnations  of  clay  strata  they  may 
be  preserved  and  sometimes  as  purer  deposits  of  salt,  as  illustrated  by 
the  deposits  now  occasionally  formed  on  the  Rhone  delta,  as  noted 
long  since  by  Lyell,'  in  a  climate  which  approaches  subaridity.  Such 
leposits  cannot  be  formed,  however,  in  anything  like  the  areal  extent 
3r  thickness  with  which  they  may  occur  in  truly  arid  regions.  Gypsum 
in  delta  deposits  is  less  an  indication  of  aridity  than  salt,  since  the 
former  is  precipitated  upon  the  evaporation  of  37  per  cent,  of  normal 
5ea  water  while  the  precipitation  of  salt  only  begins  when  93  per  cent. 
has  been  evaporated.  It  is  to  be  noted,  however,  that  the  majority 
3l  recent  sediments  containing  gypsum  are  found  in  arid  climates, 
md  where  occurring  as  impregnations  in  ancient  deposits  which 
were  not  laid  down  in  contact  with  sea  water  would  seem  surely  to 
indicate  a  high  degree  of  subaridity  bordering  upon  truly  arid  condi- 
tions. 

The  alluvial  soils  of  semiarid  flood  plains  are  particularly  liable 
to  become- deeply  mud-cracked  during  the  seasons  of  drought,  but  this 
cracking  may  or  may  not  be  preserved  in  the  sedimentary  record.^ 
Over  the  regions  of  alternating  sands  and  clays  where  the  clay  is  not 
calcareous  the  conditions  are  most  favorable  for  the  formation  and 
preserval  of  mud  cracks.  The  importance  of  mud-cracking  in  further 
drying  out  the  soil  and  tearing  the  roots  of  plants  has  recently  been 

>  E.  W.  Hilgard,  Soils,  1906,  pp.  410-14. 

»  Charles  LycU,  Principles  of  Geology,  9th  ed.,  1853,  p.  259. 

3  J.  Barrell,  Journal  of  Geology,  Vol.  XIV,  pp.  528-33. 
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pointed  out  by  Hilgard.'  The  climatic  point  where  mud-cracking 
becomes  broadly  effective  upon  the  clays  of  a  flood  plain  is  therefore 
rather  a  critical  one  tending  to  separate  the  floral  characteristics  of 
well-watered  from  subarid  climates. 

Floral  cliaracteristics  of  semiarid  flood  plains. — One  of  the  most 
secure  means  at  present  commonly  used  to  determine  the  climate  of  a 
past  age  consists  in  the  study  of  a  fossfl  fauna  and  flora,  the  identifica- 
tion of  genera  and  species,  and  the  inference  that  the  optimum  climatic 
environment  for  such  organisms  has  remained  the  same  from  the  past 
to  the  present  time.  As  examples  may  be  cited  the  conclusions  in 
regard  to  the  warm  polar  climate  of  the  Miocene  based  on  the  presence 
of  magnolias  in  Greenland  and  the  same  in  Mississippian  times  as 
determined  by  fossfl  corals  in  the  rocks  of  Spitzbcrgen.  Such  strictly 
palcontological  sides  of  the  problem  are  beyond  the  province  of  the 
present  article,  but  there  may  be  profitably  considered  the  relations 
between  climate  and  the  kind  of  fossils  to  be  expected  and  certain 
general  adaptive  characteristics  of  plants  or  animals  to  arid  or  moist, 
cold  or  warm  conditions,  especially  when  these  are  of  a  nature  which 
may  be  preserved.  The  present  statements  will  be  chiefly  confined, 
however,  to  the  effects  of  semiarid  climates  upon  vegetation. 

The  vegetation  of  the  flood  plains  of  semiarid  climates  is  more 
largely  arboreal  than  that  of  the  inter-stream  slopes."  Many  large 
tracts  of  the  flood  plain  away  from  the  river  banks  are,  however, 
either  sparsely  covered  with  trees  or  given  over  to  grass  land.  Even 
the  latter  may  find  difficulty  in  existing  where  an  imfavorable  nature 
of  alluvial  deposit  is  added  to  the  unfavorable  conditions  of  a  hoi  or 
dry  growing  season.^  The  occupancy  of  the  soil  by  grass  or  forest 
depends  upon  the  underground  water.  For  forests  there  must  be  an 
adequate  amount  of  moisture  in  the  subsofl  during  the  growing  season, 
though  thb  water  may  have  come  from  winter  floods  or  rains.  For 
grassy  plains  the  water  in  the  subsoil  is  immaterial,  the  essential  con- 

»  Saihy  1906,  p.  112. 

a  A.  F.  W.  Schimper,  Plant  Geography  (Eng.  trans.  ),  1898,  Map  3. 

3  Views  of  piedmont  and  terminal  floo<i  plains  of  the  senuarid  belts  of  the  United 
States  may  be  found  in  various  reports.  For  a  study,  with  photographs,  of  the  vege- 
tation of  the  Rhone  delta  of  the  Mediterranean  in  a  climate  which  approaches  semi- 
aridity  see  FlahauU  et  Combres,  Sur  la  flore  dc  la  Camargue  et  des  alluvions  du  Rhone, 
Bulletin  de  la  sociHi  botanique  de  France,    T.  41,  1894,  pp.  37-58. 
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dition  being  a  moist  soil  during  the  season  of  growth.*  Although  the 
fevel  of  the  ground  water  in  flood  plains  of  even  subarid  climates  may' 
lie  not  many  feet  below  the  surface,  the  alternate  stratification  of  fine 
sand  and  clay  which  is  frequently  present  is  very  unfavorable  for  a 
forest  vegetation.  The  clay  is  capable  of  carrying  the  water  upward 
to  a  greater  height,  even  as  high  as  ten  feet,  but  transmits  it  very  slowly. 
The  sand,  on  the  other  hand,  cannot  lift  the  capillary  water  more  than 
one  or  two  feet,  but  does  this  very  quickly.'  If  the  upper  portion 
(rf  a  sand  stratum  is  dry,  the  plants  cannot  feel  the  moisture  below  and 
will  fail  to  send  roots  after  it.  In  the  presence  of  such  strata  a  vegeta- 
tive covering  of  bunch  grass  is  to  be  expected,  leaving  no  appreciable 
organic  record.  .A  deep  loamy  soil  favorable  for  storing  water  and 
for  its  capillary  rise  is  the  most  favorable  condition  for  the  growth  of 
trees  and  shrubs  over  semiarid  flood  plains.  The  roots  in  such  cases 
strike  downward  rather  than  horizontally  and  may  penetrate  to 
great  depths,  twenty  feet  being  not  uncommon.^  The  angle  of  pt^ne- 
tration  of  fossil  roots  is  therefore  a  matter  of  importance  from  a  cli- 
matic point  of  view.  The  strong  oxidation  acting  at  the  surface  nor- 
mally destroys  all  vegetable  tissues  before  they  become  buried  in  the 
coin-se  of  time  below  the  deep  zone  of  oxidation,  but  there  is  a  chance 
of  finding  casts  of  downward-branching  rootlets  in  massive  arenaceous 
shales  and  more  rarely  of  vegetable  remains  buried  by  superficial 
accumulations.  It  is  seen,  therefore,  that  in  the  river  deposits  of 
semiarid  climates  casts  of  logs  are  most  likely  to  be  preserved  in  the 
sands  deposited  in  the  neighborhood  of  stream  channels.  At  a  dis- 
tance from  the  channels,  wetting  and  oxidation  would  tend  to  destroy 
the  logs  and  larger  fragments  if  such  existed,  before  sufficient  time  had 
elapsed  for  burial.  Root  impressions  of  trees  in  such  regions  would 
be  of  more  common  occurrence  than  trunks  and  confined  possibly  to 
what  were  originally  deep  loamy  sands.  The  herbaceous  types  of 
vegetation,  however,  are  the  more  common  over  the  well-drained  por- 
tions of  truly  semiarid  flood  plains,  and  the  plant  impressions  recorded 
in  the  strata  would  consequently  be  of  small  size  compared  to  those 
of  the  large  and  luxuriant  vegetable  forms  of  more  rainy  climates. 

« Op.  cU.,  pp.  164-75. 

•  E.  W.  Hilgard,  Soils,  1906,  pp.  202-13. 

3  LiK.  cii.,  pp.  167-83. 
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The  above  discussion  is  based  on  the  present  floral  societies,  com- 
posed almost  wholly  of  flowering  plants.  The  conclusions,  however, 
in  regard  to  the  climatic  relations  of  herbaceous  and  arboreal  vegeta- 
tion may  with  probability  be  extended  backward  in  time  to  ages  as 
early  as  the  Devonian,  when  all  plants  were  either  cryptogamic  or 
gymnospermous,  since  in  the  later  Paleozoic,  long  before  the  advent 
of  the  Mesozoic  phanerogams,  plant  societies  existed  then  as  now 
which  included  forms  from  arboreal  to  herbaceous  and  ranged  in 
adaptation  from  hygrophilous  to  xerophylous.  The  present  usual 
restriction  of  cryptogamic  vegetation  to  small  forms  occupying  habi- 
tats moist,  shady,  or  cold,  habitats  not  strongly  sought  by  the  higher 
vegetation,  did  not  then  necessarily  hold;  conditions  to  some  extent 
perjx^tuatcd  in  Australia,  where  tree  ferns  still  abound  in  the  coastal 
districts  of  New  South  Wales  and  Victoria,  and  vascular  cryptogams 
with  xerophytic  adaptations  are  known  to  occur  in  other  portions  of  the 
island  continent. 

In  illustration  of  these  conclusions  a  comparison  may  Ix?  made  of 
the  fossil  vegetation  of  the  Mauch  Chunk  (Mississippian)  shale  of 
eastern  Pennsylvania,  believed  by  the  writer  from  other  considerations 
to  be  a  continental  deposit  of  a  semLarid  climate,'  wuth  the  flora  of  the 
overlying  coal-measuas,  believed  to  be  continental  deposits  of  a  cli- 
mate cool  and  rainy.  In  the  Mauch  Chunk  strata,  as  observed  by 
the  writer,  impressions  of  small  plant  fragments  are  not  unconmion, 
consisting  of  first,  the  fragments  of  slender  grasslike  reeds  probably 
belonging  to  the  equisetae;  second,  impressions  of  flattened,  straplike 
coarser  stems  and  leaves  up  to  an  inch  in  width  and  exhibiting  sug- 
gestions of  parallel  venation ;  third,  impressions  of  stems  with  close-set 
si)iny  leafage,  the  spines  not  being  over  half  an  inch  in  length ;  fourth, 
casts  of  roots  showing  branching  rootlets,  the  latter  clothed  with  fine 
tendrils.  The  roots  occur  in  massive  argillaceous  sandstones  and  in 
favorable  cases  are  exposed  by  the  rock  fractures  for  depths  of  a  foot 
with  indications  of  being  considerably  more  extensive.  A  striking 
feature  of  those  root  casts  found  in  place  is  that  they  branch  downward 
and  not  horizontally.  Other  observers  have  detected  a  leathery 
character  in  certain  of  these  plant  impressions.    No  casts  of  logs  have 

I  J.  Barrell,  "Origin  and  Significance  of  the  Mauch  Chunk  Shale,"  BuUeiin  of  th€ 
Geological  Society  of  America^  Vol.  XVIII  (1907),  pp:  449-76. 
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been  seen  by  the  writer  or  described  by  others  and  no  carbon  from  the 
plant  tissues  is  ever  preserved.  These  characteristics  are  opposed 
throughout  to  those  of  the  overlying  carbonaceous  beds  of  the  tnie 
Carboniferous.  In  these  the  carbon  is  preserved,  impressions  of  logs 
are  abimdant,  the  vegetation  is  coarse  and  luxuriant,  and  grasslike 
forms  give  place  to  a  water-loving  forest  growth.  The  roots  preserved 
in  the  imderclay  show  no  such  tendency  to  penetrate  constantly  down- 
ward and  in  the  case  of  the  stigmaria  are  developed  into  stolen-like 
forms  such  as  are  possessed  by  many  existing  marsh  plants. 

The  conclusions  as  to  climate,  based  on  the  character  of  the  vegeta- 
tion in  the  c^ise  of  these  late  Paleozoic  formations  and  determined  from 
adaptive  relations  observed  to  exist  at  present  in  quite  diflferent  divi- 
sions of  the  vegetable  kingdom,  are  thus  seen  to  be  in  harmony  with 
conclusions  based  on  a  number  of  other  and  independent  lines  of 
evidence.     The  latter,  however,  cannot  be  given  at  this  place. 

The  animal  life  also  shows  adaptations  to  the  climate,  but  these 
are  far  from  being  as  strongly  marked  or  so  dominated  by  climate 
as  in  the  case  of  plants,  so  that  neither  can  a  discussion  of  such  general 
characteristics  be  considered  under  the  present  subject. 

EFFECTS  OF  ARID  CLIMATES  UPON   FLUVIAL  AND    PLUVIAL 
DEPOSnS 

Chemical  characteristics,  evaporation  deposits. — Arid  climates, 
those  of  true  deserts,  typically  possess  no  drainage  to  the  sea  and 
no  agriculture  is  possible  without  either  natural  or  artificial  irrigation. 
Fluvial  and  pluvial  deposits  may,  however,  be  abundantly  developed, 
owing  to  the  torrential  nature  of  the  occasional  lains  acting  upon  a 
loose  and  unprotected  mantle  rock.  In  this  hasty  transfer  of  dis- 
integrated rather  than  decayed  rock  debris  but  little  leaching  is  likely 
to  occtir,  soluble  and  insoluble  materials  remaining  together,  the 
two  tending  to  become  somewhat  separated  by  later  and  local  action. 
The  rainfall  of  such  regions  is,  in  the  temperate  zone,  less  than  ten 
inches  per  year. 

As  noteworthy  examples  of  deltas  in  arid  climates  may  be  cited 
those  of  the  Volga,  the  Indus,  the  Nile,  and  the  Colorado.  The  lime 
in  such  may  form  still  more  striking  inorganic  deposits  than  the  ^^  Kan- 
kar"  of  the  subarid  flood  plains  of  India,  forming  such  incrustations 


278  STUDIES  FOR  STUDENTS 

as  the  massive  travertine  and  caliche  deposits  of  Arizona  and  Mexico.' 
In  other  cases,  however,  the  content  of  lime  may  be  no  higher  than 
in  the  deposits  of  subarid  flood  plains,  the  percentage  of  dissolved 
lime  in  the  river  water  to  undissolved  detritus  apparently  having  a 
strong  influence  in  this  respect.  For  example,  the  deltas  of  both  the 
Rhine  and  the  Rhone,  especially  the  latter,  show  a  considerable  pro- 
portion of  calcium  carbonate  due  to  the  highly  calcareous  nature  of 
the  formations  subjected  to  erosion,  supplemented  in  the  case  of  the 
Rhone  by  the  approach  toward  a  semiarid  climate  over  its  delta  in  the 
Mediterranean  Sea.  This  delta  consists  in  large  part  of  sand  cemented 
by  lime.'  In  the  deposits  of  the  Nile  delta,  on  the  other  hand,  calcium 
carbonate  is  probably  no  more  or  possibly  even  less  abimdant  than  in 
the  case  of  the  Rhone.  Analyses  by  Regnault  of  fresh  Nile  mud  gave 
22  per  cent,  of  carbonates,  of  old  Nile  mud  gave  11  per  cent.  Other 
analyses  by  Knop  from  other  localities  gave,  however,  only  4.  i  to  4. 7 
per  cent,  of  carbonates  in  the  dried  inorganic  residues  of  Nile  mud.^ 
These  may  be  compared  with  o.  i  per  cent,  of  CaCOj  as  the  average 
content  in  three  alluvial  soils  of  the  Ohio  Valley  and  i  .38  per  cent,  of 
CaCOj  in  two  alluvial  soils  of  the  Mississippi  Valley.*  In  the  delta 
muds  of  arid  climates  the  proportion  of  true  clay  may  be  low,  and 
alkalis  exist,  largely  either  in  the  form  of  comminuted  feldspar  or  as 
soluble  alkaline  salts  in  the  surface  soil.  Brine  pools  and  gypsum 
deposits  will  be  not  uncommon  in  the  lower  areas,  especially  near  the 
margins  of  the  deltas.  Dense  reedy  jungles  and  fever-breeding  salt 
swamps  frequently  dry  at  some  season  of  the  year  may  be  conmion,  but 
the  presence  of  evaporation  deposits  with  the  decolorized  shales  is 
a  characteristic  which  separates  them  from  those  of  semiarid  climates. 
Those  parts  of  the  potash  and  soda  which  are  dissolved  from  the 
silicate  minerals  and  form  alkali  crusts  or  flat  lands  in  arid  regions 
are  kept  near  the  surface,  being  carried  upward  by  capillary  action  in 
the  dry  season  and  washed  downward  a  short  distance  by  the  occa- 

I  W.  P.  Blake,  "The  Caliche  of  Southern  Arizona,"  Abstract,  Engineering  and 
Mining  Journal,  Vol.  LXXII,  1901,  pp.  601,  602. 

a  G.  R.  Credner,  "Die  Deltas,  ihre  Morphologie,  geographische  Verbreitung  und 
Entstehungsbedingungen,"  Peiermann's  MiUh.  Ergdnsungshefi,  No.  56,  Vol.  XII, 
1878,  p.  16. 

3  G.  R.  Credner,  op.  cit.,  p.  15. 

4  G.  P.  Merrill,  Rocks,  Rock-Weatherings  and  SoilSf  1906,  p.  351. 
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sional  rains  or  floods.  The  diagrams  given  by  Hilgard  show  that  in 
clay  lands  the  bulk  of  the  alkali  is  within  two  feet  of  the  surface  and 
in  sandy  lands  within  seven  feet.'  Medlicott  and  Blanford  state 
that  in  the  worst  alkali  tracts  of  India  sweet  water  is  obtainable  at 
depths  below  sixty  to  eighty  feet.*  Except  in  the  most  arid  regions 
the  soluble  alkali  salts  are  thus  seen  to  be  prevented  from  accumulating 
throu^  the  strata. 

Combinations  of  Fluvial  and  Aeolian  Structures, — The  surfaces  of 
arid  flood-plains  and  to  a  lesser  extent  those  of  semiarid  climates  are 
dry  and  barren  for  a  considerable  portion  of  each  year,  and  the  detri- 
tus becomes  reworked  by  wind  action,  with  the  result  that  in  flood 
plain  deposits  of  desert  climates  fluvial,  pluvial,  and  aeolian  forma- 
tions are  all  of  wide  occurrence  and  brought  into  immediate  juxta- 
position, producing  combinations  of  structures  which  may  be  more 
or  less  readily  recognized  in  the  buried  strata.  The  clayey  layers 
deposited  by  flood  waters  crack  upon  drying  into  polygonal  discs 
which  curl  upward  on  their  edges,  giving  concave  mud-cracked 
surfaces.  The  fine  silt  and  sand,  not  possessing  coherency  when  dry, 
and  not  being  held  by  vegetation,  give  rise  to  intolerable  dust  storms. 
The  finer  silt  may  cover  the  adjacent  regions  with  loess  and  the 
coarser  portions,  derived  from  the  stream  channels,  may  be  the  source 
of  widespread  dune  sands,  such  as  mantle  the  deltas  of  the  Indus  and 
the  Helmund,  burying  many  ancient  cities  and  subjecting  the  still 
exposed  ruins  to  aeolian  scour. 

The  more  distinctive  structures  resulting  from  the  combinations 
of  water  and  wind  action  may  be  classified  and  described  as  follows: 

First,  mud-cracks  filled  with  aeolian  sands. — Silt  and  sand  will  be 
blown  over  and  fill  up  the  cracks  developed  by  the  drying  of  argilla- 
ceous water-laid  deposits.  Consequently,  the  sand  is  filled  in  under 
the  raised  rims  of  the  polygonal  discs  and  becomes  continuous  with 
the  mantle  of  sand  above.  In  this  way,  the  concavity  upward  of 
the  individual  plates  is  preserved  and  the  mud-cracks  are  not  obliter- 
ated, even  in  a  silty  clay  which  would  slack  and  crumble  immediately 
upon  being  rewet  by  the  advancing  waters  of  the  following  inundation. 
Experiments  by  the  writer  go  to  show  that  the  upturned  edges  of  the 

>  Sails,  1906,  chap.  xxii. 

» Geology  of  India,  Part  1, 1879,  p.  413- 
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clay  plates  would  not  usually  hold  their  form  while  the  broad  sweep 
of  sand-laden  waters  should  deposit  clean  sand  both  under  the  edges 
and  over  the  plates.  The  concavity  of  the  plates  thus  testifies  to  aeolian 
burial  and  such  may  be  distinguished  from  mud-cracked  flats  buried 
by  fluvial  action.  Since  writing  a  previous  article  on  "  Mud  Cracks 
as  a  Criterion  of  Continental  Sedimentation,"*  evidence  has  come  to 
hand  from  widely  separated  regions  indicating  the  great  geological 
significance  of  aeolian-filled  mud-cracks  in  the  flood  plain  deposits 
of  arid  climates.  A.  W.  Rogers  writing  from  South  Africa  makes 
the  following  statement : 

Kheis,  Griqualand  West,  May  19,  1907. 
Today  ....  I  happen  to  be  camped  on  the  narrow  flood  plain  of  the  Orange 
River  which  is  a  fine  place  for  the  observation  of  mud-cracks.  The  mud  flats  are 
exposed  for  months  and  even  years  before  being  covered  again  by  water.  The 
mud  is  a  gray-brown  silt  and  the  cracks  become  filled  with  the  deep  red  Kalahari 
sand  from  the  north.  In  places  the  sand  advances  as  fairly  high  dunes  and  buries 
the  mud  deeply.  Generally,  however,  small  thicknesses  of  the  sand  are  laid  down 
on  the  mud.' 

Isaiah  Bowman,  writing  from  South  America,  makes  the  following 
statement : 

Iquique,  Chili,  May  4,  1907. 

Along  the  inner  edge  of  the  Desert  of  TarapacA,  roughly  between  the  towns 
of  Tarapacd  and  Quillagua,  Chili,  the  piedmont  gravels,  sands,  silts,  and  muds 
extend  for  over  a  hundred  miles,  flanking  the  western  Andes  and  forming  a  transi- 
tion belt  between  these  mountains  and  the  interior  basins  of  the  coast  desert. 
The  silts  and  muds  constitute  the  outer  fringe  of  the  piedmont  and  are  inter- 
rupted here  and  there  where  sands  are  blown  upon  them  from  the  higher  por- 
tions of  the  piedmont  or  from  the  desert  mountains  and  plains  on  the  seaward 
side.  Practically  no  rain  falls  upon  the  greater  part  of  the  desert  and  the  only 
water  it  receives  is  that  borne  to  it  by  the  piedmont  streams  in  the  early  sununer 
from  the  rains  and  melted  snows  of  the  high  plateau  and  mountains  to  the  east- 
ward. These  temporary  streams  spread  upon  the  outer  edge  of  the  piedmont 
a  wide  sheet  of  mud  and  silt  which  then  dries  and  becomes  cracked,  the  curled 
and  warped  plates  retaining  their  character  until  the  next  wet  season,  or  until 
covered  with  wind-blown  sand.  The  wind-driven  sand  fills  the  cracks  in  the  muds 
and  is  even  drifted  under  the  edges  of  the  up-curled  plates,  filling  the  spaces  com- 
pletely.     Over  this  combined  fluvial  and  aeolian  deposit  is  spread  the  next  layer 

I  Joseph  Barrel],  Journal  0}  Geology,  Vol.  XIV  (1906),  pp.  524-68. 
3  Personal  communication  to  the  author. 


CLIMATE  AND  TERRESTRIAL  DEPOSITS  281 

of  mud,  which  frequently  is  less  extensive  than  the  earlier  deposits,  thus  giving 
abundant  opportunity  for  the  observation  of  the  exact  manner  of  burial  of  the 
older  sand -covered  stratum.  The  process  described  above  is  thought  to  be  of 
particular  interest  on  account  of  the  generality  of  its  occurrence  in  this 
desert.' 

Ellsworth  Huntington  contributes  the  following  statement  con- 
cerning relations  observed  by  him  in  central  Asia: 

The  floor  of  the  great  desert  basin  of  Lop  in  western  China  furnishes  examples 
of  various  associations  of  mud-cracks  with  aeolian  deposits. 

At  Yartungaz,  450  miles  southwest  of  Lop-Nor,  the  floor  of  the  basin  consists 
of  a  fine-grained  saline  silt  which  appears  to  have  been  deposited  in  broad,  shallow 
playas.  The  surface  of  the  ground  is  smooth,  and  there  is  no  sign  of  buckling, 
but  polygons  from  three  to  twelve  feet  in  diameter  are  plainly  visible.  The  division 
lines  stand  out  as  dark  markings  dividing  the  light  gray  plain  into  innumerable 
fairly  symmetrical  polygons.  The  prominence  of  the  markings  is  due  to  the 
fact  that  they  are  composed  of  sand  which  seems  to  have  been  blown  by  the 
wind  into  the  original  cracks  in  the  plain. 

A  hundred  miles  farther  to  the  southeast,  near  Chira,  the  barrenness  of  the 
wind-swept  plain  of  piedmont  gravel  at  the  base  of  the  Kwen  Lun  mountains  is 
slightly  relieved  by  lines  of  grassy  weeds  arranged  in  polygonal  patterns  like 
those  of  Yartungaz.  Digging  among  them,  one  finds  that  the  plants  grow  in 
fine  brown  sand  which  fills  old  cracks  in  a  hard  deposit  of  fine  and  very  saline 
gravel.  The  sand  is  of  the  same  texture  as  that  of  the  small  dunes  of  the  neigh- 
borhood. 

The  most  striking  case,  however,  is  that  of  the  old  bed  of  the  expan  'ei  glacial 
lake  of  Lop-Nor.  For  scores  of  miles  a  layer  of  impure  rock  salt,  from  one  to 
three  inches  thick,  has  split  into  polygons  ranging  from  five  to  twelve  feel  in 
diameter.  The  edges  have  buckled  up  in  exactly  the  same  manner  as  the  edges 
of  ordinary  mud -cracks,  and  frequently  stick  up  two  or  three  feet.  The  unc'er- 
lying  hollows  are  often  partially  filled  with  sand  which  has  been  blown  in  from 
the  distant  shores  of  the  lake-bed.* 

Thus  it  is  seen  that  this  peculiar  method  of  preserval  of  mud- 
cracks  is  widely  prevalent  at  the  present  time  upon  the  flood-plains 
of  arid  regions  in  various  parts  of  the  world.  The  writer  has  observed 
that  the  same  structure  has  been  also  widely  developed  in  certain 
ancient  formations. 

In  the  Mauch  Chunk  shale  of  Pennsylvania  the  mud-cracked 
shale  partings  between  sandstone  strata  are  frequently  in  the  form 
of  tesselatcd  polygonal  plates  concave  upward,  the  covering  layer  of 

«  Personal  communication  to  the  author. 
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sand  filling  the  cracks  and  passing  beneath  the  upraised  rims  of 
the  plates.' 

In  the  Triassic  of  the  Connecticut  valley  the  same  structure  may 
be  frequently  observed,  the  concave  shale  plates  being  in  this  forma- 
tion frequently  buried  in  undecomposed  feldspathic  sand. 

Second,  interbedding  of  fluvial  and  aeolian  sands. — Gravel  and 
sands  which  are  originally  transported  by  fluvial  or  pluvial  actions 
U|X)n  flood  {)lains  in  arid  climates  are  later  subjected  to  the  action  of 
the  wind.  Truly  fluvial  sands  and  gravek  consequently  become 
reiK^atedly  interbc^ddcd  with  aeolian  sands,  and  Huntington  states 
that  this  is  a  striking  and  frequent  relation,  as  seen  in  the  freshly 
exix)sed  terrace  faces  on  the  margins  of  the  desert  basins  of  Asia. 

The  fluvial  and  pluvial  dcjx)sits  are  characterized  by  a  more  hetero- 
geneous and  coarser  nature  and  by  the  absence  of  the  characteristics 
which  mark  aeolian  sands.  It  is  necessary  therefore  to  summarize 
some  of  the  distinguishing  features  of  the  latter  deposits.  Dune 
sands  are  deposited  on  the  sloping  surfaces  of  the  leeward  faces  of 
dunes  and  may  reach  heights  of  several  hundred  feet.  At  the  bottom 
the  inclined  layers  decrease  in  dip  and  pass  horizontally  to  the  inter- 
vening desert  surface.  In  a  region  of  accumulating  sands  each 
passing  dune  leaves  its  basal  ix)rtions  to  be  covered  by  the  march  of 
the  following  succession  of  dunes,  so  that  the  lower  portion  of  this 
cross-bedded  structure  becomes  deeply  buried  and  permanently 
preserved. 

As  has  been  recently  pointed  out  by  a  number  of  geologists,  the 
characteristic  features  of  such  dune  sands,  separating  them  from  fluvial 
or  littoral  deposits,  consist  consequently  in  the  homogeneous  nature, 
the  development  of  "millet  seed"  texture,  and  the  presence  in  striking 
degree  of  cross-bedding  which  may  reach  great  thicknesses.  The 
cross-bedded  strata  are  abruptly  truncated  above  but  flatten  out  and 
become  tangent  to  the  general  stratification  at  the  bottom.  It  is 
probable  that  a  number  of  arenaceous  formations  which  have  been 
customarily  considered  marine  are,  on  the  contrary,  of  such  mixed 
flu\aal  and  aeolian  origin.     For  example,  Davis,  Huntington,  and 

«  For  illustrations  see  Joseph  Barrell,  "Origin  and  Significance  of  the  Mauch 
Chunk  Shale,"  Bulletin  oj  the  Geological  Society  of  America,  Vol.  XVIIT  (1907),  Pis. 
XLIX,  L,  and  Fig.  i,  p.  457. 
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Goldthwait  have  raised  the  question  if  such  has  not  been  the  mode  of 
ori^  of  the  Triassic  and  Jurassic  sedimentary  formations  of  the 
Colorado  plateaus.' 

Third,  scattered  and  facetted  pebbles. — In  truly  aeolian  sands  the 
size  of  the  material  is  rather  sharply  limited,  but  in  stream  channels 
pebbles  or  larger  fragments  may  be  carried  indefinite  distances  from 
the  fields  of  erosion.  Cloud-bursts  and  sheet-flood  deposition  may 
also  sweep  large  fragments  along  with  the  fine,  but  such  action  is 
necessarily  more  closely  limited  to  the  vicinity  of  the  sources  of  sedi- 
mentary supply.  In  such  ways  pebbles  of  various  sizes  may  be  clus- 
tered or  scattered  through  a  finer  textured  deposit  without  necessarily 
impl)ring  transportation  by  either  the  roots  of  floating  trees,  or  floating, 
or  glacial  ice.  Pebbles  carried  by  each  of  these  agencies  will  be  apt 
to  exhibit  distinctive  characteristics  and  associations.  Those  carried 
by  fluvial  or  pluvial  action  upon  arid  flood-plains  are  the  ones  to  be 
here  considered.  The  association  with  various  indications  of  climatic 
conditions  such  as  those  aheady  considered  may  often  suggest  the 
mode  of  origin.  It  seems  probable,  however,  that  in  many  instances 
such  pebbles  should  carry  their  own  evidence  through  being  sub- 
jected to  wind  scour  upon  the  drifting  away  of  the  enveloping  sand. 
They  would  become  facetted  in  consequence,  giving  rise  in  the  con- 
solidated conglomeratic  sandstone  to  the  occasional  presence  of 
"dreikanter."  Such  peculiarly  facetted  but  imstriated  pebbles  have 
been  collected  from  a  niunber  of  formations,  dating  back  even  to  the 
pre-Cambrian,  but  have  sometimes  been  claimed  to  be  of  glacial 
origin.  An  instance  where  the  hypothesis  of  aeolian  origin  appears 
to  ofiFer  by  far  the  best  explanations  has  recently  been  described  with 
illustrations  by  Lisboa  in  the  case  of  pebbles  which  are  probably  of 
upper  Mesozoic  age  from  the  central  plateau  of  Brazil.^ 

Organic  characteristics. — Over  the  more  truly  desert  portions  of 
arid  flood  plains  the  life  is  imimportant  at  the  present  time,  and  in 
past  times  has  been  equally  unimportant,  if  not  more  so,  since  the 

«  E.  Huntington  and  J.  W.  Goldthwait,  "The  Hurricane  Fault  in  the  Toque ville 
District,  Utah,"  Bulletin  of  the  Museum  oj  Comparative  Zoology  at  Harvard  College, 
Geological  Series,  Vol.  VI,  No.  5,  1904,  pp.  210-17. 

»  "The  Occurrence  of  Facetted  Pebbles  on  the  Central  Plateau  of  Brazil,"  AmerU 
can  Journal  of  Science,  Vol.  XXIH,  1907.  pp.  9-19. 
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progress  of  evolution  has  been  to  progressively  specialize  life  forms 
for  such  extremely  unfavorable  habitats.  The  present  relations  are 
briefly  as  follows: 

A  sparse  vegetation  occurs  over  the  drier  or  more  alkaline  por- 
tions of  the  plains.  Other  portions  may  be  covered  with  dense  scrub 
as  seen  in  the  Australian  bush.  Along  the  streams  tree  growth  com- 
monly occurs,  and  hence  casts  of  roots  and  leaves  might  be  left.  In 
the  swamps  reed  growths  are  abimdant  and  may  become  fossilized 
and  associated  with  white  or  greenish  day  strata.'  Animal  bones 
embedded  in  the  desert  plains  stand  excellent  chances  of  preserval 
and  observation  of  the  accumulating  prairie  loess  has  led  Matthew 
to  believe  in  an  aeolian  origin  for  the  fine-grained  calcareous  clays 
of  the  White  River  Tertiary  formation  covering  a  considerable  area 
of  the  Great  Plains  of  the  United  States,*  though  these  tracts  are 
presumed  not  to  have  been  really  arid  but  rather  subarid  in  climate. 
The  fossil  fauna  of  this  deposit  as  Matthew  has  shown  is  such  as  can  be 
explained  by  the  aeolian  hypothesis,  but  not  by  one  of  lacustrine  origin. 

Ease  of  recognition  in  the  geological  column. — From  these  character- 
istic features  of  the  river  plains  of  arid  regions  it  is  to  be  concluded 
that  their  fossil  representatives  should  be  rather  readily  recognized. 
In  the  marginal  region  of  the  delta  and  for  some  distance  inland  beds 
of  salt,  gypsum,  and  marl  are  interstratified  with  red  shales,  in  which, 
however,  occasional  decolorization  may  occur.  Farther  inland  the 
strata  will  show  fewer  pure  evaporation  deposits,  but  these  minerals 
will  still  be  diffused  through  the  strata.  Carbonaceous  matter  will 
be  practically  absent,  but  well-preserved  animal  remains  may  be 
abundant.  Dune  sands,  characterized  by  cross-bedding  and  a  high 
degree  of  rounding,  giving  "  millet  seed  "  sand  beds  such  as  those  which 
Phillips  has  described  from  the  English  Triassic,^  will  be  associated 
with  true  river  deposits,  sometimes  mud-cracked,  and  the  whole  will 
be  characterized  by  a  relative  absence  of  rock  decay  in  the  process  of 
sedimentation. 

"  Huntington,  "The  Basin  of  Eastern  Persia  and  Sistan,"  Carnegie  InstUuHoHt 
1905,  pp.  279-87. 

»  W.  D.  Matthew,  "Is  the  White  River  Tertiary  an  Aeolian  Formation?"  The 
American  Naturalist,  Vol.  XXXIII,  1899,  pp.  403-8. 

3  J.  A.  Phillips,  "On  the  Constitution  and  History  of  Grits  and  Sandstones," 
Quarterly  Journal  of  the  (Geological  Society,  Vol.  XXXVII,  1881,  p.  a6. 
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THE  CLIMATIC  SIGNIFICANCE  OF  COLOR 

One  of  the  most  obvious  features  of  the  sedimentary  rocks  is  their 
color,  due  partiy  to  climatic,  partly  to  various  other,  conditions  of 
origin.     Among  the  latter  Walther  calls  attention  to  the  fact  that — 

The  colors  of  continental  deposits  are  different  according  as  they  axe  formed 
above  or  below  a  water  surface.  The  deposits  in  the  courses  of  streams  or  in 
interior  seas  have  usually  either  greenish  or  bluish  colors  which  also  characterize 
the  marine  deposits  of  the  continental  shelves.  The  typical  continental  deposits, 
formed  upon  the  dry  land,  are  characterized  by  bright  clean  colors.  The  car- 
mine or  vermilion  tropical  laterite,  the  red-colored  sand  dunes  of  the  Coromandel 
lowland  and  the  inner  Arabian  desert,  the  yellow  or  brown  loam  and  loess  deposits 
of  the  steppes,  the  white  or  yellow  dunes  of  the  coast  lands  or  the  Sahara  are 
convincing  examples.* 

The  influence  of  climate  as  distinct  from  other  conditions  of  origin 
is  rendered  evident  on  contrasting  the  brilliant  reds  of  the  moist 
tropical  or  subtropical  regions  with  the  yellow  or  dark  soils  of  colder 
temperate  climates  or  the  prevailing  ashen  gray  of  deserts.  The 
significance  of  color  in  the  older  rocks  cannot,  however,  be  directly 
inferred  from  the  study  of  modem  deposits  since  the  changes  which 
transform  a  soft  sediment  into  a  solid  rock  may  also  conceivably  alter 
the  color. 

For  the  purposes  of  the  present  discussion,  the  colors  of  shales  and 
sandstones  may  be  grouped  under  three  heads:  first,  red;  second, 
light  and  variegated;  third,  gray  to  black.  Each  of  these  color 
groups  is  of  importance  and  includes  appreciable  portions  of  the  sedi- 
mentary rocks.  On  account  of  the  diversity  of  views,  however,  respect- 
ing the  significance  of  red  and  its  climatic  bearings,  it  will  be  necessary 
greatly  to  enlarge  the  discussion  upon  that  topic. 

The  origin  of  red  formations. — Red  shading  into  brown  is  one  of 
the  most  frequent  colors  of  ancient  continental  shales  and  sandstones 
and  may  also  occur  among  those  of  marine  origin.  That  there  is  no 
unanimity  in  regard  to  its  significance  among  geologists  may,  however, 
be  gathered  from  an  examination  of  the  literature.  Russell  has 
given  a  full  review  of  these  views."     Certain  authors  have  supposed 

>  Binltiitmg  in  die  GtologU,  translated  from  LUhogencsis  der  Gegenwart,  1893-94, 
P-  725. 

>  "Subaerial  Decay  of  Rocks  and  Origin  of  the  Red  Color  of  Certain  Formations," 
BnUain  52^  U.  S.  Geological  Survey,  1899,  pp.  47-56. 
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that  the  red  s  doe  to  igneocs  agencies,  OTwImng  iron  pyrites,  or  to 
volcanic  dnst  or  the  heat  of  ^gtieoos  intnisions.  All  such  hypotheses 
f aiL  owing  to  the  widespread  occanence  at  led  rocks,  their  uniform 
color^  and  the  absence  of  metamorphisin.  Another  group  of  hjrpothe- 
ses  ascribes  the  oxidation  to  weadiering  at  the  time  of  origin  of  the 
sediments  and  ths  is  undoabcedbr  conect,  the  iron  peroxide  being  a 
component  part  of  the  accmnolating  sediments.  Neariy  all  writers, 
howe^-er.  assume  that  the  oxide  vriiich  is  now  more  or  less  com{detely 
dehydrated  and  coosequenthr  led  was  in  this  deh}rdrated  state  at  the 
time  the  sediments  were  deposited.  This  assimiption  runs  through 
the  work  oi  Russell  and  is  the  basis  at  many  such  statements  as  that 
of  Darton  that  *'red  shales  and  sandstones,  such  as  make  up  the  red- 
beds,  usuaUy  result  directly  from  the  revival  of  erosion  on  a  land  sur- 
face long  exposed  to  rock  decay  and  oxidation  and  hence  covered  by 
a  deep  residual  soiL  ....  There  is  such  uniformity  of  the  deep-red 
tint  that  this  ^  undoubtedly  the  original  odor."'  RusseU  considers 
that  the  incrustation  of  the  sandstone  grains  of  the  Newark  formation 
by  ferric  oxide,  resembling  that  surroimding  the  grains  of  quartz  in 
the  residual  soil  of  the  southern  states,  indicates  that  the  grains  were 
transported  without  sufficient  wear  to  remo>'e  the  original  incrustation. 
From  the  distribution  of  present  red  earths,  he  further  concludes  that 
their  formation  requires  the  presence  of  heat  and  moisture.  All  such 
special  modes  of  origin,  however,  are  difficult  of  acceptance  in  view 
of  the  great  predominance  of  red,  or  red-brown  in  ancient  ferruginous 
formations  and  the  comparative  absence  of  yellow  tones  such  as  domi- 
nate modem  alluWum. 

In  view  of  such  a  conffict  of  opinions  and  the  special  nature  of  the 
hypotheses  used  to  explain  the  general  nature  of  the  phenomenon, 
the  need  of  discussion  is  seen.  Certain  essential  facts  which  have 
bearings  on  the  conclusions  may  be  stated  as  follows:  As  indicating 
the  influence  of  a  moist  climate,  Russell  notes  the  brilliant  reds  and 
yellows  of  the  soils  of  the  South  Atlantic  states  as  compared  with 
the  ashen  tints  of  the  Mojave  desert,'  and  he  elsewhere  speaks  of  the 
creamy-white  color  of  the  playa-lake  deposits  of  Nevada  and  Arizona, 

»  "Geology  of  the  Bighorn  Mountains,"  Professional  Paper  No,  §i,  U,  S,  Gco- 
Jogical  Survey,  1906,  pp.  105-7. 
» I.  C.  RusseU,  op.  cit.,  p.  27. 
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beds  exposed  during  the  summer  months  to  temperatures  of  from  no® 
to  120®  Fahr.  in  the  shade. ^  As  indicating  the  influence  "of  heat 
may  be  mentioned  the  uniform  restriction  of  red  soils,  neglecting  those 
derived  directly  from  red  formations,  to  the  warm  temperate  and 
especially  the  torrid  zone.  That  the  contrast  is  not  due  to  the  younger 
age  or  glacial  origin  of  the  soils  of  the  cold  temperate  zones  is  found 
upon  examination  of  driftless  areas  in  such  regions.  As  indicating 
the  influence  of  prolonged  exposure  to  the  air,  Crosby  notes  that  it  is 
the  older  soils  and  especially  the  surface  portions  in  the  warm  regions 
which  show  red  to  a  striking  degree.'  ' 

Where  reds  in  surficial  formations  are  noted  in  arid  regions  they 
are  frequentiy  the  accompaniments  of  aeolian  action.  Dune  sands 
may  be  white,  yellow,  or  red.  Red  deserts  have  been  noted  in  both 
Africa  and  Asia  and  Phillips  has  shown  that  the  red  sands  of  the  Ara- 
bian desert  owe  their  color  to  a  coating  of  ferric  oxide  deposited  after 
the  grains  of  sand  had  become  round.  The  source  of  the  iron  oxide, 
which  comprised  about  1-500  of  the  total  weight,  he  was  imable  to 
determine.'  All  these  facts  emphasize  the  influence  of  lapse  of  time 
and  the  presence  of  moderate  heat,  such  as  that  of  the  torrid  regions, 
as  causes  suflBicient  partially  to  effect  the  dehydration  of  ferric  oxide, 
even  without  the  agency  of  pressure ;  thereby  transforming  the  yellow 
and  light-brown  colors  into  the  brilliant  reds  which  characterize  the 
tropical  regions  of  rainy  climate. 

In  view  of  these  facts,  one  of  the  chief  true  causes  of  the  red  color 
of  the  older  ferruginous  formations  seems  to  have  been  reached  by 
Crosby,  whose  statements  are  as  follows : 

The  dehydration  of  the  ferric  oxide  is  not  wholly  dependent  upon  heat  or 
pressure  or  any  obvious  extraneous  agency,  but  it  is  in  a  large  degree,  apparently, 
a  spontaneous  process.  Of  this  we  have  abundant  evidence  in  nature  and  in  the 
laboratory.  When  the  iron,  which  exists  in  the  various  silicate  minerals  chiefly 
in  the  ferrous  state,  is  liberated  and  peroxidized  during  the  decay  of  these  species, 
it  combines  naturally  with  a  very  large  and  mdefinite  proportion  of  water,  form- 
ing the  yt\km  hydrate,  which  is  seen  as  a  flocculent  or  a  gelatinous  colloid  in 
the  waters  of  springs,  bogs,  and  marshes,  and  when  the  hydrate  is  obtained  as 

•  On  the  contrast  in  color  of  the  soils  of  high  and  low  latitudes,  American  Geologist^ 
VoLVni,  i89i,p.77. 

J  "The  Red  Sands  of  the  Arabian  Desert,"  Quarterly  Journal  of  the  Geological 
Society,  Vol.  XXXVIII,  i88a,  pp.  110-13. 
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a  precipitate  in  the  laboratory.  But  this  colloid  mass,  even  if  immersed  in  water 
and  entirely  undisturbed,  gradually  and  spontaneously  gives  off  a  large  part  of 
the  water  which  the  ferric  oxide  has  so  greedily  absorbed  when  in  the  nascent 
state;  and  it  appears  thus,  as  it  sbwly  solidifies  and  hardens,  to  pass  in  succes- 
sion through  the  forms  of  the  various  native  yellow  h3rdrates — ^limnite,  xantho- 
sideriUy  and  limonite,  to  g5thite.  That  this  progressive  change  continues  is 
evident  from  the  fact  that  these  yellow  hydrates  are  gradually  replaced  in  the 
older  formations  by  the  red  hydrate  (turgite)  and  by  ferric  anhydride  (hematite). 
When  occurring  as  original  or  contemporaneous,  and  not  as  secondary,  deposits, 
the  yellow  ores  of  iron  are  found,  as  a  rule,  only  in  the  later  rocks;  while  the  red 
ores  are  generally  restricted  to  the  earlier  rocks.  This  genetic  relation  of  the 
yellow  and  red  ores  is  one  of  the  most  familiar  and  generaUy  accepted  facts  in 
geology.  However  recent  the  origin  of  the  red  ore  (turgite  or  hematite)  may 
appear  to  be  in  any  case,  we  naturally  infer  that  it  was  first  yellow,  and  that  it 
has  passed  slowly  or  rapidly,  as  the  case  may  be,  but  gradually,  throu^  the 

series  of  yellow  hydrates 

If  it  be  conceded  that  the  dehydration  is  virtually,  if  not  absolutely,  spon- 
taneous, and  there  is  no  apparent  alternative,  it  follows  that  the  color  of  a  deposit, 
so  far  as  it  is  due  to  ferric  oxide,  is,  other  things  being  equal,  a  function  of  its 
geological  age.  In  other  words,  the  cobr  naturally  tends  with  the  lapse  of  time 
to  change  from  yellow  to  red;  and,  althou^  this  tendency  exists  independently 
of  the  temperature,  it  is  undoubtedly  greatly  favored  by  a  warm  climate.  Apply- 
ing this  principle  to  the  sedimentary  soil  of  the  South,  we  find  that  the  super- 
ficial portion  is  red,  not  alone  because  it  is  exposed  to  a  hi^er  temperature  than 
the  subjacent  yellow  clay,  but  also  because  it  is  the  oldest  part.  On  the  other 
hand,  the  limited  occurrences  of  post-glacial  sedimentary  detritus  in  the  North 
are,  in  the  absence  of  the  favoring  climatic  influence,  still  too  yoimg  to  exhibit 
the  change  of  color  even  superficially.* 

Judging  from  the  later  expressions  of  opinion,  this  article  does  not 
seem  to  have  received  the  attention  which  it  deserves. 

Spontaneous  dehydration  assisted  by  heat  and  favored  by  time  does 
not  appear,  however,  to  be  the  sole  cause  of  the  great  contrast  in  color 
between  the  consolidated  and  the  surficial  ferruginous  sediments,  a 
still  more  potent  cause  existing  in  the  dehydration  effected  by  the 
great  increase  in  pressure 'and  moderate  rise  in  temperature  which 
takes  place  upon  the  burial  of  the  material  to  some  thousands  of  feet 
beneath  later  acciunulations.  The  eflSciency  of  pressure  in  this  con- 
nection is  exhibited  in  the  formation  of  shales,  where  about  one-half 
of  the  combined  water  is  eliminated  at  temperatures  which  must  be 
frequently  far  below  the  boiling-point,  since  with  the  normal  gradient 

« Op»  cU.,  pp.  80,  81. 
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a  temperature  of  iio°  C.  is  attained  only  at  a  depth  of  about  11,000 
feet  (3,3cx>  meters).  The  ferric  oxide,  holding  its  water  with  much 
less  tenacity  than  the  silicate  of  alumina,  seems  to  respond  most  readily 
to  the  influence  of  pressure,  giving  rise  to  minerals  of  notably  less 
volume  and  greater  density,  apart  from  the  water  which  is  eliminated 
in  the  process. 

Still  a  third  factor  in  the  development  of  a  red  color  in  ferruginous 
rocks  is  found  in  the  physical  state  of  the  oxide,  as  may  be  seen  upon 
contrasting  the  brilliant  color  of  earthy  hematite  with  the  deep  colors 
of  the  same  mineral  in  its  crystalline  form.  The  red  color  depends 
therefore  not  only  upon  the  presence  of  anhydrous  or  partially  anhy- 
drous ferric  oxide,  but  also  upon  a  fine  state  of  division  and  diffusion. 
Dawson  speaks  of  the  very  fine  state  of  division  of  the  red  coloring 
matter  in  the  lower  Carboniferous  of  Nova  Scotia — 

having  indeed  the  aspect  of  a  chemical  precipitate  rather  than  of  a  substance 
triturated  mechanically.  In  addition  to  the  oxide  of  iron  distributed  through 
the  beds,  there  is,  in  the  fissures  traversing  them,  a  considerable  quantity  of  the 
same  substance  in  the  state  of  brown  hematite  and  red  ochre,  as  if  the  coloring 
matter  had  been  superabundant  or  had  been  in  part  removed  and  accumulated 
in  these  veins.' 

Hilgard  states  fmther  that  the  general  red  aspect  of  tropical  soils 
is  by  no  means  always  accompanied  by  markedly  high  percentages  of 
ferric  oxide,  but  the  latter  is  very  finely  diffused  so  as  to  be  very  effect- 
ive in  coloration.  The  soils  of  the  arid  regions  on  the  other  hand 
are  not  deficient  in  ferric  oxide.'  The  present  writer  has  also  noted 
that  pebbles  of  feldspar  showing  glistening  cleavage  embedded  in 
the  red  Triassic  arkoses  of  the  eastern  United  States  are  stained  red 
throu^out  with  ferric  oxide  while  those  of  quartzite  are  stained  to 
variable  depths  and  those  of  vein  quartz  only  along  the  fractures. 
The  completeness  of  the  staining,  its  development  about  the  stream- 
worn  surfaces  of  pebbles,  and  its  presence  in  all  materials,  depending 
only  upon  their  porosity,  are  indications  that  this  was  done  after  incor- 
poration in  the  sediments  and  through  a  considerable  period  of  time. 
The  above  facts  seem  to  show  that  ferric  oxide  in  rocks  is  rather  readily 

I  J.  W.  DawKD,  "On  the  Coloring  Matter  of  Red  Sandstones  and  of  Greyish 
and  White  Beds  Associated  with  Them,"  Quarterly  Journal  of  the  Geological  Society, 
V6L  V,  1848,  pp.  25,  a6. 

•  HUgaxd,  SoUs^  Z9o6»  pp.  393,  400. 
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diffusable,  permeating  the  entire  rock  mass  and  thereby  becoming 
more  effective  as  a  coloring  substance.  In  view  of  this  ready  diffusa- 
bility  and  ease  of  dehydration,  such  a  special  h)rpothesis  as  that  of 
Russell — that  the  crusts  of  ferric  oxide  had  been  retained  by  sand 
grains  during  their  transportation  from  a  residual  soil — seems  un- 
necessary and  as  a  general  explanation  does  not  apply. 

To  sum  up,  it  is  seen  that  the  cause  of  the  red  color  in  ferruginous 
rocks  as  contrasted  with  the  predominant  yellows  of  mddem  alluvium 
is  to  be  found  in  three  co-operating  causes:  First,  spontaneous  dehy- 
dration operates  to  some  extent  at  the  surface  in  the  warmer  regions. 
Second,  dehydration  under  great  pressure  and  moderate  temperatures 
is  nearly  universal  in  sediments  which  become  buried  and  consolidated. 
Third,  diffusion  operates  under  conditions  of  warmth  and  moisture, 
whether  these  be  found  at  the  surface,  as  in  warm  and  humid  regions, 
or  beneath  the  surface,  as  may  occur  in  any  portion  of  the  earth.  By 
these  three  means  light-colored,  yellow  or  brown  muds  and  sands 
may  become  red  shales  and  sandstones.  Only  in  the  presence  of 
considerable  heat,  as  on  the  walls  of  dikes,  or  in  the  presence  of  some 
highly  dissolving  fluid  does  the  tendency  toward  crystallization  or  new 
combination  reverse  the  coloring  effects  of  capillary  diffusion. 

Red  in  shales  or  sandstones  is  therefore  normally  assumed,  like 
the  hardness,  upon  the  consolidation  into  a  shale  or  sandstone  of  any 
sediment  possessing  an  appreciable  amount  of  ferric  hydrate  and  is  no 
more  necessarily  original  than  is  the  red  of  a  burned  brick. 

The  reliability  of  these  conclusions  may  be  tested  by  observing 
the  stratigraphic  relations  of  ancient  deposits.  As  a  typical  example 
may  be  cited  the  Permian  red-beds  developed  east  of  the  Rocky  Moun- 
tains, which  contain  conspicuous  strata  of  gypsum  and  are  impreg- 
nated with  salt,  giving  thus  undoubted  evidence  of  deposition  under 
an  arid  climate.  The  same  association  of  salt  and  gypsum  with  red 
shales  and  sandstones  might  be  cited  from  Nova  Scotia  and  a  dozen 
other  localities. 

This  is  in  striking  contrast  to  the  usual  present  development  of 
salt  and  gypsum  in  association  with  gray  or  yellow  sediments.  For 
example,  the  marginal  bottom  of  the  Dead  Sea  when  exposed  by 
unusual  dessication  shows  a  surface  of  bluish-gray  clay  or  marl  full 
of  crystals  of  common  salt  and  gypsum,  and  light-grays  are  char- 
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acteristic  also  of  the  salty  flats  in  the  Great  Basin  of  the  United  States. 
Furthermore,  the  Red  Sea,  surrounded  by  intensely  arid  lands,  shows 
dominant  light  yellow  as  the  color  of  the  bottom  muds,  varying  in 
certain  sotmdings  to  tones  of  grayish  or  brownish  yellow.'  Contrary 
to  what  might  be  expected  from  the  name,  the  Red  Sea  contains  no 
red  sediment  and  the  origin  of  the  name  is  in  doubt.' 

From  these  statements  it  is  seen  that,  while  red  in  present  soils 
is  particularly  characteristic  of  the  residual  soils  of  warm  moist  cli- 
mates, in  ancient  deposits  it  is  a  usual  accompaniment  of  arid  condi- 
tions. 

Furthermore,  that  hot  climates  were  not  necessary  for  the  origin 
of  certain  ancient  red  shales  and  sandstones  is  suggested,  but  far  from 
proved,  by  the  occurrence  of  such  rocks  jvithin  the  Arctic  Circle, 
Nathorst  haAing  found  the  Old  Red  Sandstone  in  Spitzbergen,  lat. 
79-80°  N.3  On  Bear  Island,  also,  somewhat  farther  to  the  south,  in 
lat.  74°  30'  N.,  and  again  in  northern  Norway,  red  strata  of  this  age 
occur.-*  Turning  to  the  antipodes,  it  is  to  be  noted  that  Wilkes  in 
1840  landed  on  an  ice  island  off  the  Antarctic  continent  in  lat.  65°  60', 
long.  106^19'  E.  He  found  imbedded  in  it,  in  places,  bowlders, 
stones,  gravel  sand,  and  mud  or  clay.  The  larger  specimens  were 
of  red  sandstone  and  basalt.^  The  "Challenger"  expedition  in  1874 
in  the  vicinity  of  the  Antarctic  ice  in  lat.  65°  42',  long.  79®  49'  E., 
dredged  up  specimens  of  igneous  and  metamorphic  rocks  and  red 
sandstone.* 

That  a  special  origin,  such  as  by  "the  revival  of  erosion  on  a  land 
surface  long  exposed  to  rock  decay  and  oxidation  and  hence  covered 
by  a  deep  residual  soil,"  is  not  necessary  is  indicated  by  the  very 
great  thickness  and  uniform  color  of  certain  red  formations ;  by  the 

>  Jo6q>h  Lukflch,  "Vorlaufiger  Bericht  iiber  die  ph3rsikalisch-oceanographischcn 
Untersuchungen  im  Rothen  Meere,"  Wiener  Akademie  SUzungsherichte,  Mathematisch- 
NalmrunssefuchafOichen  Classe,  AbtheiTung  I,  Band  CVII  (1898),  pp.  636,  637. 

•  Major  J.  S.  King,  "The  Red  Sea:  Why  so  Called,"  Journal  of  the  Royal  Asiatic 
Society  (1898),  pp.  617,  618. 

3  E.  Suess,  Das  AnUUn  der  Erde,  Eng.  trans.,  Vol.  II,  pp.  68,  69. 

4  A.  Geikie,  TtM  Book  of  Geology^  4th  ed.,  1903,  pp.  1012. 

s  Narrative  of  the  United  States  Exploring  Expedition  During  the  Years  18 38-18 42 ^ 
VoL  II,  p.  335. 

«John  Murray,  "Deep  Sea  Deposits,"  "C^w/few^er"  Reports  (1891),  pp.  80,  81. 
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incliision  of  conglomerates  whose  component  pebbles  frequently  con- 
sist of  fresh  blocks  of  granite^  pegmatite,  and  other  rocks  subject  to 
decay,  testifying  to  a  partial  dominance  of  disintegration  over  decom- 
position;  by  such  an  example  as  the  Mauch  Chunk  red  shales  and 
sandstones,  3,000  feet  in  maximum  thickness,  following  immediately 
upon  the  gray  Pocono  sandstone  and  its  gradual  transition  above  into 
Potts\Tlle  conglomerate,  red  shales  alternating  with  conglomerate 
horizons. 

That  conditions  of  deposition  permitting  oxidation  had  much  to  do 
with  the  development  of  red  in  the  consolidated  sediment  is  indicated 
by  the  usual  poverty  in  fossils,  especially  in  those  of  marine  origin; 
by  the  repeated  intercalation  in  the  Basin  of  Sistan  of  pink  to  brown 
silts,  regarded  by  Huntington  as  having  been  deposited  subaerially, 
with  green  clays,  considered  with  good  evidence  as  typically  lacus- 
trine." As  a  further  illustration,  the  Wamsutta  red-beds  of  the  Car- 
boniferous of  the  Narragansett  basin  are  regarded  by  Woodworth 
as  represented  south  of  Pro\adence  by  the  lower  strata  of  the  Kings- 
town coal-bearing  series.  In  the  vicinity  of  Pawtucket  the  coal- 
measures  underlie  the  Wamsutta,  though  somewhat  farther  north 
the  latter  are  only  separated  from  the  granite  by  the  basal  arkose  beds 
of  the  Pondville  group.'  Woodworth  states  that  the  coloring  of  the 
Wamsutta  red-beds  appears  to  have  taken  place  before  transportation. 
This  view,  however,  leads  to  difficulties  which  he  states  on  the  same 
page.  All  difficulties,  seem,  however,  to  be  avoided  if  it  be  considered 
that  the  red  is  the  result  of  dehydration  during^consolidation  and  that 
these  beds  retained  their  iron  because  they  were  deposited  in  an  upper 
and  better-drained  portion  of  the  basin  under  a  climate  which  per- 
mitted for  a  time  their  seasonal  dr)dng. 

Turning  to  the  climatic  significance  of  red,  it  would  therefore 
appear  both  from  theoretical  considerations  and  g^logical  observa- 
tions that  the  chief  condition  for  the  formation  of  red  shales  and 
sandstones  is  merely  the  alternation  of  seasons  of  warmth  and  dr3mess 
with  seasons  of  flood,  by  means  of  which  hydration,  but  especially 

I  The  Basin  of  Eastern  Persia  and  Sistan,  "Carnegie  Institution  Publications," 
No.  26,  1905,  p.  287. 

»  "Geology  of  the  Narragansett  Basin,"  Monograph  XXXIII,  U.  S.  Geological 
Survey,  1899,  pp.  134,  141- 
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oxidation  of  the  ferruginous  material  in  the  flocxl-plain  deposits  is 
accomplished.  This  supplements  the  decomposition  at  the  source 
and  that  which  takes  place  in  the  long  transportation  and  great  wear 
to  which  the  larger  rivers  subject  the  detritus  rolled  along  their  beds. 
The  annual  wetting,  drying,  and  oxidation  not  only  decompose  the 
original  iron  minerals  but  completely  remove  all  traces  of  carbon. 
If  this  conclusion  be  correct,  red  shales  or  sandstones,  as  distinct  from 
red  mud  and  sand,  may  originate  under  intermittently  rainy,  subarid, 
or  arid  climates  without  any  close  relation  to  temperature  and  typically 
as  fluvial  and  pluvial  deposits  upon  the  land,  though  to  a  limited  extent 
as  fluviatile  sediments  coming  to  rest  upon  the  bottom  of  the  shallow  . 
sea.  The  origin  of  such  sediment  is  most  favored  by  climates  which 
are  hot  and  alternately  wet  and  dry  as  opposed  to  climates  which  are 
either  constantly  cool  or  constantly  wet  or  constantly  dry. 

The  origin  of  light  and  variegated  colors, — ^Whitc  or  light  gray  in 
rocks  indicates  an  absence  of  iron,  an  absence  which  may  be  due  to 
entirely  mechanical  causes,  as  in  white  clean  sandstones  of  either 
fluvial,  pluvial,  marine,  or  aeolian  origin;  or  to  chemical  causes,  as  in 
gray  or  black  clays. 

Aeolian  deposits  whether  coarse  or  fine,  as  dune  sand  or  loess,  are 
typically  light  in  color,  varjring  from  nearly  white  to  pale  yellow  or 
pink.  The  lightness  in  color  appears  to  be  due  in  dune  sand  to  the 
mechanical  segregation  jof  the  grains,  but  in  loess  partly  to  the  lack  of 
decomposition,  partly  to  the  lack  of  diffusion  of  the  coloring  substance. 
The  preceding  discussion  upon  the  significance  of  red  would  suggest 
that  loess  deposits  older  than  the  Pleistocene  should  be  dominantly 
colored  from  white  to  light  pink  rather  than  the  more  customary 
pale  buff  of  the  recent  deposits.  Upon  weathering,  however,  such  a 
buff  color  would  tend  to  be  to  some  extent  restored  on  accoimt  of  the 
porous  nature  and  the  new  decomposition  which  is  possible  in  the 
case  of  loess. 

Where  lightness  in  color  is  due  to  chemical  causes  it  is  to  be  noted 
that  the  first  result  of  the  action  of  fermenting  organic  matter  upon 
ferruginous  clays  is  a  change  of  color  from  rusty  to  bluish  or  greenish 
by  the  reduction  of  ferric  to  ferroso-ferric  hydrate.  Afterward,  if 
the  action  be  continued,  the  solution  of  ferrous  carbonate  may  be 
formed,  and  the  greenish  or  bluish  color  may  disappear.    The  impor- 
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taDce  of  this  reaction  lies  in  the  fact  that  the  blue  or  green  tint,  ^er- 
e\'er  it  occurs,  indicates  a  lack  of  aeration,  usually  by  the  stagnation 
of  water,  in  consequence  of  imperfect  drainage.* 

It  is  seen  in  conclusion  that  where  the  li^t  color  is  due  to  mechani- 
cal causes  the  mode  of  origin  of  the  formation  and  the  climatic  con- 
ditions must  be  determined  on  other  groimds  than  color.  Fiuther, 
where  limited  de\-elopment  of  white,  gray,  green,  or  blue  occurs,  owing 
to  chemical  action  upon  the  iron,  the  conditions  represent  a  variable 
balance  between  the  action  of  iron  and  carbon  determined  by  local 
topographic  rather  than  climatic  conditions.  Where  such  colors  are 
rather  abundant,  howewr,  over  broad  areas  of  non- marine  formations 
a  mean,  rather  than  an  extreme,  climate  is  indicated. 

The  origin  of  gray  to  black  formalions. — ^The  conclusions  on  this 
topic  are  rather  obvious  from  the  preceding  discussion  on  the  "effects 
of^constantiy  rainy  climates."  They  need,  therefore,  only  be  sum- 
marized at  this  point  for  completness. 

Where  a  whole  formation,  representing  an  ancient  floodplain  or 
delta,  shows  in  its  unweathered  portions  an  absence  throughout  of 
the  colors  due  to  iron  oxide,  and  a  \-ariable  presence  of  carbon,  giving 
grays  to  black,  the  inference  is  that  the  formation  accimiulated  undef » 
a  continuously  rainy  climate  or  one  which  in  the  drier  season  was' 
sufficiently  cool  or  cold  to  prevent  noteworthy  evaporation;  sucli 
cUmates  as  exist  in  Ireland,  Iceland,  or  western  Alaska;  to  a  minor 
extent  on  windward  slopes  in  the  trade-wind  zones  and  also  to  a  minor 
extent  in  a  few  tropical  belts  which  never  quite  escape  from  the  shifting 
zones  of  tropical  rains. 

CONCLUSIONS  ON  CLIMATIC  INFLUENCES  IN  REGIONS 
OF  DEPOSITION 

It  was  seen  in  the  discussion  on  the  relations  of  climate  to  regions 
of  erosion  that  climate  was  one  of  the  controlling  factors  in  deter- 
mining the  quantity,  but  more  especially  the  physical  and  chemical 
nature,  of  the  sediment  supplied  to  the  rivers.  But  some  large  river 
systems  have  their  sources  in  climatic  zones  distinct  from  that  of  their 
lower  coiu^s.  Furthermore,  the  comminution  and  decay  involved 
in  transportation  and  the  varied  contributions  of  tributaries  obscure 

«  Hilgard,  Soils,  1906,  p.  45. 


CLIMATE  AND  TERRESTRIAL  DEPOSITS  295 

to  an  exteat,  depending  upon  the  size  of  these  factors,  the  climatic 
indications  given  by  erosion.  In  proportion  as  such  occur,  however, 
the  climatic  influences  in  the  region  of  deposition  grow  more  pro- 
nounced, until  finally  over  the  larger  deltas,  where  the  fine-grained 
waste  is  deposited  on  nearly  horizontal  surfaces,  the  climatic  effects 
become  a  dominant  influence  in  the  nature  of  sedimentation. 

From  the  extremes  of  cool  and  rainy  climates  on  the  one  hand  to 
hot  and  arid  on  the  other  a  gradation  in  character  of  deposits  may  be 
observed  corresponding  to  that  gradation  which  exists  in  climatic 
cause.  For  the  sake  of  discussion,  however,  artificial  division  lines 
must  be  drawn  separating  the  climates  into  several  categories,  as  has 
been  done.  In  consequence,  except  in  clearly  marked  instances  there 
may  be  some  doubt  as  to  the  exact  climatic  division  to  which  a  certain 
deposit  belongs.  To  reach  the  greatest  certainty  every  line  of  evi- 
dence must  be  followed  to  its  end  and  given  appropriate  weight  in 
governing  the  conclusion.  Only  by  the  convergence  of  many  proba- 
bilities may  reasonable  certainty  be  attained. 

The  most  obvious  chemical  features  of  subaerial  river  deposits 
which  depend  upon  the  cb'matic  gamut  consist  in  the  antithetical 
relations  of  carbon  and  ferric  oxide.  Supplemental  to  these  two  chief 
indicators  stand  the  other  more  or  less  soluble  substances,  magnesium 
and  calcium  carbonates,  hydrous  calcium  sulphate,  sodium  and 
potassium  chlorides;  wholly  absent  from  river  deposits  of  the  one 
climatic  extreme,  appearing  in  successive  order  in  deposits  made 
under  climates  representing  gradations  toward  and  to  the  other. 
Supplemental  to  these  primary  chemical  distinctions  are  the  textural, 
structural,  and  organic  evidences. 

Varying  powers  of  erosion  and  transportation  giving  rise  to  varying 
quality  and  quantity  of  sediment  are  seen  to  be  the  most  delicate 
stratigraphic  indicators  of  climaiic  fluctuations.  On  the  other  hand 
the  chemical  and  organic  conditions  accompanying  the  deposition 
(rf  the  sediment  upon  the  delta  plain  are  the  more  secure  indicators  of 
the  slable  and  average  climatic  conditions  imder  which  the  formation 
as  a  whole  was  made. 

(To  he  concluded) 


Editorial 

American  geologists  are  well  aware  that  there  has  been  in  progress 
for  some  time  a  movement  looking  toward  the  establishment  of  a 
mining  bureau  by  the  United  States  government  and  the  transfer  to 
this  bureau  of  some  of  the  functions  now  served  by  the  United  States 
Geological  Survey.  It  is  also  well  known  that  there  has  been  no  little 
difference  of  opinion,  not  only  among  geologists  but  among  mining 
engineers  and  mine  owners  as  to  the  advisability  of  a  separate  organi- 
zation and  as  to  the  relationship  it  should  sustain,  if  established,  to  the 
Geological  Survey.  It  is  gratif)ring  to  observe  that  influential  opinion 
is  crystallizing  in  a  very  natural  way  and  along  true  basic  lines,  and 
that  a  satisfactory  outcome  may  be  anticipated.  Director  Smith,  of 
the  Geological  Survey,  entertains  the  view  that  the  proper  line  of 
cleavage  lies  between  that  class  of  work  which  is  fimdamentally  geo- 
logical and  which  should  remain  with  the  Survey,  and  that  class  which 
centers  about  engineering  and  allied  technologic  sciences  and  which 
should  be  committed  to  a  technologic  organization;  and  he  is  actively 
urging  this  view.  He  feels  however,  that  the  term  "mining"  is  too 
broad  to  be  properly  monopolized  by  the  new  bureau,  but  that  the 
term  ** mining  technology"  is  fitting  for  a  bureau  devoted  to  the  non- 
geological  phases  of  mining  investigation,  and  this  term  is  used  in 
most  of  the  bills  before  Congress.  If  this  division  of  labor  and  this 
distinction  in  nomenclature  can  be  established  and  maintained,  the 
Geological  Survey  will  be  glad  to  share  the  field  of  mining  investiga- 
tions with  another  organization,  and  on  this  basis  the  Survey  is  exert- 
ing its  influence  in  favor  of  the  establishment  of  such  an  independent 
bureau.  In  view  of  the  doubt  as  to  the  establishment  of  this  bureau 
during  the  present  session  of  Congress,  Dr.  Smith  has  given  assurance, 
in  a  letter  to  the  Secretary  of  the  Interior,  that  so  long  as  the  technologi- 
cal investigations  relative  to  mining  continue  to  be  intrusted  to  the 
Survey,  it  will  be  his  endeavor  to  develop  the  proposed  lines  of  cleavage 
rather  than  to  conceal  them,  to  the  end  that  an  ultimate  separation 
may  be  promoted.  This  attitude  of  the  Survey  is  greatly  to  be  com- 
mended, not  only  because  of  its  inherent  wisdom,  but  because  it  gives 
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ance  of  a  gradual,  if  not  immediate,  evolution  along  true  basic 
,  with  every  prospect  that,  when  the  complete  separation  shall 
place,  the  relationships  between  the  geological  and  technological 
aus  will  be  most  intimate  and  cordial,  and  that  these  bureaus  will 
contribute  effectively  to  the  success  of  the  other. 

T.  C.  C. 


CRYPTOZOON,     REPLY  TO  THE  REVIEW  OF  C,  W,  W. 

Bdic»t  the  genus  Ciyptozoon  k  relegated  to  the  indiscriminate  heap 
of  concretions^  as  pmposed  by  the  reviewer  C.  W.  W.  in  the  Journal  of 
Cfdcgy  (Jaii.-Feb.,  190S,  p.  85),  facts  like  the  following  ought  to  be  con- 

This  form — ^Cryptojeofin  or  Concretion  ?— is  found  like  concretions 
in  wide  apart  localities,  hut  unlike  concretions  it  ocoirs  only  in  connection 
with  a  certain  geological  formation,  the  Beekmantown,  and  in  this  forma- 
lioti  it  is  restricted  to  a  narrow  horizon,  only  two  of  the  five  divisions,  so 
fax  as  observed,  eontfiining  it. 

The  peculiar  character  of  its  concentric  bands  in  the  sp)herical  or  sphe- 
roidal tna^ses  so  marked  it  that  for  a  long  time  it  passed  as  a  Stromatopora, 
and  it  waj*  not  until  after  Dr.  Roeminger*s  careful  discrimination  of  the 
gmm,  that  it  was  distinguished  from  Stromatopora. 

Tlie  minute  structure  is  so  like  that  of  the  undoubted  fossil  Stromato- 
cerinia,  that  in  st>me  cases  when  sections  of  each  are  placed  side  by  side  it 
is  difficult  to  distinguish  them. 

Passing  by  other  indications  of  the  organic  origin  of  the  form,  it  should 
be  added  that  the  conclusions  of  Mather,  Hall,  and  Dawson  should  have 
some  consideration.  Dawson's  views  were  based  on  the  study  of  many 
sections  of  what  he  came  to  regard  as  good  species  of  Hall's  genus  Crypto- 
zo5n.  Such  facts  and  considerations  forbid  the  dropping  of  the  genus 
Cryptozo5n. 

In  the  matter  of  ova  an  interrogation  point  should  have  followed  the 
figure,  as  it  was  designed  as  a  suggestion,  rather  than  a  demonstration. 
Thus  one  making  slices  of  Stromatocerium  finds  in  the  microscopic  field 
distinct  lacunae.  In  some  of  these  exist  minute  spherical  masses,  appar- 
ently more  compact  than  pilae.  Now  it  may  never  be  possible  to  prove 
that  these  little  spheres  actually  are;  that  they  may  be  ova,  however,  is 
not  an  improbable  suggestion. 

H.  M.  S. 
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FEATURES   INDICATIVE    OF    PHYSIOGRAPHIC    CONDI- 
TIONS PREVAILING  AT  THE  TIME  OF  THE 
TRAP  EXTRUSIONS  IN  NEW  JERSEY 


C.  N.  FENNER 


The  Watchung  Mountains  form  prominent  features  in  the  topog- 
raphy of  Northern  New  Jersey.  On  account  of  the  great  hardness  and 
erosion-resisting  qualities  of  the  rocks  composing  them,  they  rise  well 
above  the  surrounding  shales  and  sandstones  and  add  much  to  the 
beauty  and  picturesqueness  of  this  portion  of  the  state. 

Their  geological  features  and  their  relation  to  the  adjacent  strata 
have  been  the  subject  of  study  since  the  early  years  of  the  last  century. 
Views  regarding  them  have  changed  greatly.  New  facts  have  been 
brou^t  to  light  and  the  interpretation  of  the  observed  conditions  has 
changed  with  the  advance  of  geological  science.  Gradually,  however, 
a  close  agreement  has  been  reached  in  the  conclusions  of  various 
observers  with  regard  to  the  major  features  of  their  structure  and  rela- 
tions, and  in  brief  form  it  may  be  said  to  be  held  that  these  three  ridges 
are  the  remnants  of  three  successive  flows  of  lava  which  were  poured 
out  as  great  sheets  over  the  surface  of  beds  of  sandstone,  or  similar 
material,  which  was  in  course  of  deposition  at  the  time.  After  each 
flow  the  process  of  deposition  of  the  sandstones  was  resumed  until 
interrupted  by  the  next  flow.  Later  the  whole  series  of  sandstones 
and  intercalated  traps  was  slightly  tilted  so  as  to  form  a  monocline 
with  gentle  western  dips,  and  the  edges  were  eroded  and  carried 
away.    The  trap  sheets,  on  account  of  their  resistant  qualities,  were 
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less  degraded,  so  that  now  their  projecting  edges  form  the  ridges  of  the 
Watchung  Mountains. 

In  this  article  it  is  my  purpose  to  describe  certain  facts  of  observa- 
tion which  have  been  met  with  in  studying  this  region,  especially  that 
portion  of  it  lying  in  the  territory  of  the  First  Watchung  trap  from 
Paterson  southward,  and  which  may  throw  some  additional  light  upon 
the  relations  of  the  traps  and  underlying  sandstones  and  upon  the 
general  physiographic  conditions  which  existed  at  the  time  of  their 
formation.  Quarrying  operations  of  recent  years  have  brought  cer- 
tain features  to  light  which  are  of  importance  in  their  bearing  upon 
this  subject. 

In  order  to  lay  a  proper  foimdation  for  the  facts  which  are  about  to 
be  described  and  to  show  their  significance,  it  is  necessary  to  enter 
into  some  description  of  the  imderlying  clastic  formations. 

THE  CLASnCS 

The  lowest  trap  sheet  (the  First  Watchung  Trap)  rests  everywhere 
upon  a  series  of  siliceous  stratified  rocks.  On  account  of  the  paucity 
of  fossils  contained  in  these  associated  strata  and  the  somewhat 
uncertain  position  in  the  paleontological  succession  of  the  fossils  which 
have  been  found,  the  exact  horizon  of  these  rocks  is  somewhat  uncer- 
tain. They  are  generally  regarded  as  being  of  Triassic  Age,  but  it 
is  preferable  to  use  the  indefinite  term,  "the  Newark  Formation," 
in  referring  to  them,  as  is  done  by  the  United  States  Geological  Survey, 
until  more  exact  correlation  can  be  established.  In  this  article  it  is 
my  intention  to  consider  in  detail  only  those  members  of  the  Newark 
Formation  which  are  found  in  immediate  association  with  the  base 
of  the  First  Watchung  Trap,  and  to  study  these  chiefly  for  the  purpose 
of  determining  the  conditions  existing  at  the  period  when  the  trap 
sheet  was  poured  forth.  The  rocks  of  the  Newark  Formation  as  a 
whole  are  of  interest  in  this  connection  in  forming  general  conclusions 
with  regard  to  these  conditions;  but  there  is  the  possibility  of  undis- 
covered faults  running  through  the  series,  which  might  throw  alto- 
gether out  of  concordance  the  strata  on  the  two  sides  of  the  break, 
and  vitiate  the  value  of  the  conclusions  drawn.  Therefore  in  endeavor- 
ing to  arrive  at  a  proper  conception  of  the  conditions  immediately 
preceding  the  trap-flow,  it  is  better  to  confine  our  studies  to  the  terri- 


FEATURES  OF  TRAP  EXTRUSIONS  IN  NEW  JERSEY    301 

tory  closely  adjacent  to  the  trap  itself,  using  in  addition  only  such 
conclusions  as  apply  to  the  Newark  Formation  as  a  whole. 

At  one  time,  before  a  detailed  study  of  the  region  had  been  made 
and  before  the  present  advance  of  geology,  a  submarine  origin  was 
assigned  to  the  Newark  beds.  Later  the  impossibility  of  their  deposi- 
tion imder  such  conditions  was  perceived  and  it  was  suggested  that 
they  were  laid  down  in  an  estuary  or  on  the  bed  of  a  great  river. 
This  theory  is  still  quite  commonly  held,  but  many  later  observers 
have  come  to  the  conclusion  that  they  are  almost  wholly  of  continental 
origin.  By  this  it  is  meant  that  they  were  laid  down  on  land  surfaces 
standing  at  some  elevation  above  sea-level,  on  which  bodies  of  stand- 
ing water,  such  as  lakes  or  pools,  formed  but  a  minor  factor  so  far 
as  sorting  of  material  and  deposition  of  sediments  were  involved. 
The  conditions  must  be  conceived  to  have  been  similar  to  those  now 
present  in  the  semi-arid  inland  basins  of  the  West.  The  chief  agencies 
of  transportation  and  deposition  were  the  general  creep  of  waste 
material  down  slopes  from  disintegrating  areas  of  older  rocks  in  the 
high  lands,  the  rush  of  torrential  streams,  the  flow  of  rivers  of  more  or 
less  permanence,  and  the  sweep  of  winds.  In  the  lowest  portions  of 
the  troughs  of  deposition  there  would  naturally  be  shallow  lakes,  unless 
conditions  of  extreme  aridity  prevailed,  and  I  will  endeavor  to  show 
later  that  such  lakes  were  probably  present  in  the  area  under  discussion 
at  the  time  of  the  overflow  of  the  trap. 

In  connection  with  the  theory  of  a  continental  origin  for  these 
deposits  we  may  quote  W.  M.  Davis  on  the  similar  area  in  Connecti- 
cut: 

There  is  little  or  no  direct  evidence  for  marine  deposition  of  the  Connecticut 
Tiias.  There  are  no  marine  fossils  yet  found.  The  fish  whose  imprints  occur 
plentifully  in  certain  occasional  strata  of  black  shale  are  allied  to  fresh-  or  brackish- 
water  forms.  The  prints  of  land  plants  and  the  tracks  of  land  animals  argue 
against  the  presence  of  the  sea.  The  tidal  currents  that  have  been  assumed  to 
be  necessary  to  carry  the  materials  foimd  in  some  of  the  coarser  layers  may  be 
replaced  by  other  agencies  that  can  as  well  accomplish  this  result  over  the  moderate 
distances  here  involved.  If  marine  at  all,  the  waters  must  have  been  littoral  and 
shallow,  and  the  bottom -must  have  been  frequently  bared  to  the  sun.' 

These  remarks  are  equally  appUcable  to  the  New  Jersey  area. 
Let  us  now  examine  the  clastic  deposits  immediately  underlying 
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the  Watcbung  traps  and  ascertain  to  what  extent  their  structure  bears 
out  the  theory  of  continental  origin.  We  find  that  they  form  a  monot- 
onous series  of  shales,  sandstones  and  conglomerates,  composed 
mostly  of  quartz  fragments.  Suffident  oxide  of  iron  is  usually  present 
to  ^ve  a  reddish,  brownish,  or  purplish  cdor  to  the  whole.  Feld- 
spathic  material  is  often  visible,  and  the  derivation  of  all  these  is 
plainly  referable  to  the  crystalline  areas  on  the  East  or  West.  In 
addition  to  these  we  find  in  many  of  the  coarser  layers  plentiful  pebbles 
of  limestone,  up  to  six  inches  or  more  in  diameter,  whose  source  is 
obsciu-e. 

In  observing  carefully  the  succession  of  strata  in  this  series  one  is 
at  once  impressed  with  the  lack  of  ccmtinuance  of  the  beds  in  any 
direction  and  the  variation  in  the  succession  at  different  sections  along 
the  same  horizon.  Within  a  distance  of  a  few  himdred  feet  the 
character  of  the  section  may  change  markedly.  This  may  be  brought 
about  in  three  ways. 

1 .  A  bed  may  gradually  thin  out  and  disappear.  This  is  especiaUy 
true  of  the  sandstones. 

2.  The  size  of  the  fragmental  material  may  alter  in  a  pronounced 
manner,  while  the  thickness  of  the  stratum  remains  approximately 
the  same.  The  proportion  of  pebbles  in  a  bed  of  sandstone  or  even 
of  shale  may  increase  or  diminish  rapidly.  This  is  generally  brought 
about,  however,  by  the  intercalation  of  pebble  beds  in  the  sandstone 
layers,  rather  than  by  a  general  increase  in  the  coarseness  of  all  the 
material. 

3.  A  given  stratum  may  be  cut  sharply  away,  and  different  material 
abut  against  it. 

All  these  variations  are  shown  in  the  gorge  of  the  Passaic  River, 
a  short  distance  below  the  falls  at  Paterson.  Fig.  i  is  from  a  sketch 
made  just  south  of  Rylc  Avenue.  Two  very  irregidar  bands  of  shale 
(a  and  b)  cut  sharply  downward  across  the  sandstone  and  pebble  beds, 
and  are  overlain  by  strata  differing  from  those  in  the  same  horizontal 
planes  on  the  right.  It  appears  evident  that  a  water-course  has  cut 
its  way  through  previously  deposited  strata,  and  the  valley  thus  formed 
has  later  been  filled  by  water-borne  sediments  or  wind-blown  sands 
until  a  level  was  again  reached  and  a  more  orderly  course  of  deposition 
was  continued  across  it.    The  pot-hole  at  (c)  filled  with  gravel,  stones, 
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and  shaley  material,  is  instructive  in  this  connection.  Following 
these  bluffs  southward  about  350  feet  we  come  to  the  southern  side 
of  the  same  river-valley,  as  shown  in  Fig.  2.    We  find  there,  as  we 


should  expect,  that  while  the  line  of  the  bank  is  shown  by  the  same 
downward  sweep  of  the  strata,  the  succession  of  deposition  is  quite 
different  from  that  shown  in  Fig.  i,  indicating  a  desert  stream  which 
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at  times  may  have  spread  over  the  whole  width  of  its  course,  and  again 
dwindled  to  a  rivulet  or  become  dry.  It  is  noticeable  that  the  trap- 
sheet  above'also  bends  downward  at  this  point,  showing  that  a  shallow 
depression  still  existed  here  when  the  lava  stream  covered  the  whole. 
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Another  example  of  variations  in  strata  is  shown  in  Fig.  3,  a  section 
at  Pope's  old  quarry,  near  Garret  Rock.  This  is  a  sketch  of  the 
west  face,  north  end  of  quarry.  Marked  variations  of  the  strata 
show  themselves  along  the  quarry  face,  and  the  section  shows  no 
resemblance  to  any  part  of  Fig.  i  or  Fig.  2,  though  less  than  a  mile 
distant  and  at  the  same  horizon  (just  beneath  the  trap  sheet). 
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Fig,  3, 

At  Thomas'  quarry  at  Albion  Place  there  is  an  instance  of  the 
complete  thinning-out  and  disappearance  of  a  sandstone  bed,  prob- 
ably five  feet  thick  at  its  maximum.  This  is  at  the  northern  end. 
High  up  on  the  western  wall  a  massive  bed  of  sandstone  has  several 
feet  of  its  upper  part  cut  sharply  away  at  one  place,  and  shales  abut 
against  it. 

These  examples  show  the  great  tendency  of  the  strata  to  varj^  in 
a  large  way,  and  are  inconsistent  with  any  form  of  marine  deposition, 
or  of  any  theory  of  deposition  which  does  not  take  cognizance  of 
sharp  changes  within  small  areas.  When  we  take  up  the  considera- 
tion of  smaller  details  of  structure  we  are  met  again  with  proofs  of 
this  same  tendency  to  variation,  as  is  shown  by  a  study  of  the  smaller 
features  of  the  shale,  sandstone,  and  conglomerate  beds. 
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THE  SHALES 

These  are  well  described  by  the  term  "ferruginous  silicilutytes" 
of  Professor  Grabau's  classification;  that  is,  they  are  finely-com- 
minuted siliceous  material,  strongly  impregnated  with  oxide  of  iron. 
Their  laminations  may  be  paper-like  in  thinness  but  are  generally 
coarser.  On  exposure  to  the  weather  they  break  up  into  a  multitude 
of  crumbly  fragments.  Mica  scales  are  very  plentiful.  The  surfaces 
of  the  laminae  frequendy  show  a  multitude  of  irregular  markings — 
grooves,  pits,  curved  lines,  lumps,  smooth  patches  of  irregular  shape, 
etc.,  not  all  of  which  can  be  deciphered  with  any  certainty.  Many, 
however,  can  be  identified.  Mud-cracks,  rain-pits,  and  worm-grooves 
are  frequent.  Rill-marks  are  sometimes  found.  At  times  films  of 
impalpable  sediment  are  found  in  the  depressions  in  the  lumpy  surfaces 
of  certain  sandstone  layers,  which,  in  their  delicate  markings,  suggest 
irresistibly  the  frothy  scum  left  in  hollows  after  a  rain.  Again  thin 
curled  layers  of  shale  appear  plentifully  in  the  midst  of  sandstone. 
The  effect  is  precisely  that  which  would  be  produced  by  a  layer  of 
mud,  drying  and  curling  at  the  edges,  being  buried  by  a  deposit  of 
wind-blown  sand.  The  layers  of  mud  are  too  fragile  to  permit  the 
supposition  that  the  sand  was  carried  by  currents  of  water.  Other 
examples  show  plentiful  flakes  of  shale  mixed  with  sand,  the  occur- 
rence being  apparently  due  to  a  mixture  of  material  produced  by  the 
wind.  I  have  seen  wave-marks  in  the  shales  and  have  found  them 
also  in  the  finer  sandstones.  In  the  latter  too  I  have  found  one  very 
distinct  print  of  an  apparently  three-toed  reptile.  The  impression 
is  a  trifle  over  an  inch  in  width  and  on  one  side  is  an  irregular,  curved 
groove,  probably  made  by  the  animal's  tail.  In  the  fine  shales  there 
are  many  impressions  which  suggest  the  marks  which  would  be  made 
by  living  creatures  moving  about  in  soft  mud.  They  are  too  uncertain, 
however,  to  offer  more  than  a  suggestion.  In  other  localities,  as  in 
the  Connecticut  valley  and  other  parts  of  New  Jersey,  many  reptile 
trails  have  been  foimd,  but  those  spoken  of  here  were  found  in  the 
territory  under  discussion  in  material  taken  from  a  short  distance 
below  the  trap  sheet,  and  serve  as  an  index  of  conditions  just  pre- 
ceding the  flow. 

These  shales  are  to  be  regarded  as  muds  deposited  in  lakes,  rivers, 
or  poob.    The  markings  described  owe  their  preservation  to  the 
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retreat  of  the  waters  and  the  baking  of  the  mud  under  a  hot  sun. 
That  arid  conditions  prevailed  is  indicated  also  by  the  frequent 
presence  of  sharply  defined  pieces  of  shale  in  the  pebble  beds.  During 
long  exposure  the  iron-impregnated  mud  must  have  hardened  to  such 
a  degree  as  not  to  be  ground  up  and  destroyed  by  a  succeeding  rush  of 
torrential  waters. 

THE  SANDSTONES 

These  are  ferruginous  silicarenytes — siliceous  sands,  colored  by 
oxide  of  iron.  In  places  they  form  extremely  massive  beds  in  the 
series,  up  to  25  or  30  feet  in  thickness,  with  hardly  a  line  of  parting. 
Beds  of  this  kind  are  made  up  of  rather  coarse  quartz  fragments, 
rounded  or  subangular,  mixed  with  a  little  decomposed  feldspar,  and 
frequently  show  no  hint  of  stratification  on  either  fresh  or  weathered 
surfaces.    The  finer  sandstones  carry  much  mica  and  are  generally 

better  stratified.    A  little  cross- 
bedding  has  been  observed,  the 
direction  of  the  lines  differing  by 
'V-  ^  a  slight  angle. 

The  sandstone  strata  may  contain  anywhere  in  their  mass  indi- 
vidual pebbles  or  small  beds  of  pebbles  of  irregular  shape  and  extent. 
Fig.  4  shows  a  characteristic  pebble  bed  on  the  west  side  of  Thomas* 
quarry.  Pebbles  are  up  to  one- 
half  inch  or  more  in  diameter. 
Below  is  even-grained  sandstone 
separated  by  a  sharp  line  from  the 
pebbles.  Above,  the  gravel  grades 
into  sandstone.  Fig.  5  represents 
the  structure  of  a  gravel  bed  a  few  hundred  feet  north  of  the  D.  L.  & 
W.  R.  R.  station  at  Paterson.  On  the  left  side  the  dividing  line 
between  gravel  beds  and  sandstone  cuts  sharply  downward  across  the 

sandstone  layer.     On  the  right 

there  is  a  grading  of  pebbles  into 

sand.    A  rough  stratification  is 

apparent  in  the  pebbles.    Fig.  6, 

^^y-  *•  from   Pope's   quarry,  illustrates 

a  somewhat  different  feature.    The  intercalated  bed  is  here  mostly 

shale,  in  the  midst  of  a  massive  sandstone. 
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These  are  by  no  means  isolated  occurrences,  but  are  repeated  in 
a  similar  fashion  in  innumerable  exposures.  The  obvious  explana- 
tion is  that  they  represent  the  channels  of  small  streams  which  cut 
across  the  face  of  the  country.  The  sandstones  in  which  they  occur 
I  would  refer  to  an  aeolian  origin,  and  believe  them  to  have  formed 
the  surface  of  the  ground  at  the  time  the  streams  cut  their  channels. 
By  this  I  would  not  be  xmderstood  to  imply  that  water  played  no 
part  in  the  transportation  of  the  sand  grains  from  their  original  homes 
in  the  crystallines.  They  may  have  been  picked  up  and  laid  down 
repeatedly,  now  by  wind  and  again  by  water,  before  reaching  their 
final  resting  place,  and  it  would  be  impossible  to  draw  a  sharp  line 
and  say  that  here  the  work  of  water  ceased  and  here  the  work  of  the 
wind  began.  Their  final  attitude,  however,  is  to  be  attributed 
chiefly  to  the  action  of  the  wind.  The  fact  of  the  subaerial  accu- 
mulation of  the  great  masses  of  sandstone  should  be  emphasized,  for 
their  freedom  from  moisture  at  the  time  of  the  trap  flow  has  an 
important  bearing  upon  certain  structural  features  of  the  trap. 

At  Little  Falls,  a  few  miles  west  of  Paterson,  a  bed  of  sandstone 
lying  about  fifteen  feet  below  the  second  Watchung  sheet,  carries 
abundant  plant  impressions.  The  remains  of  woody  stems  are  found 
which  have  been  converted  into  coal,  and  twigs  and  leaves  have  also 
left  their  impressions  in  the  stone.  From  the  completeness  of  the 
forms  preserved  the  trees  were  evidently  not  carried  to  this  point 
from  a  distance  and  I  am  inclined  to  believe  that  this  is  actually  the 
site  upon  which  they  grew.  Although  not  in  the  area  under  discussion, 
this  occurrence  is  interesting  as  indicating  the  continuation  of  conti- 
nental conditions  up  to  the  time  that  the  second  flow  of  trap  spread 
over  the  region. 

THE  CONGLOMERATES 

Everywhere  throughout  the  sandstone  strata  pebble  beds  similar 
to  those  described  are  of  frequent  occurrence.  Even  the  shales  may 
contain  locally  a  large  amoxmt  of  gravel.  In  addition  to  these,  heavy 
beds  of  coarse  conglomerate  are  sometimes  seen,  though  they  are  not 
as  frequent  as  the  sandstones  and  shales.  They  were  exposed  a 
number  of  years  ago  a  little  to  the  southeast  of  the  Great  Notch  in  a 
trench  dug  for  a  water-supply  system,  and  at  the  present  time  are 
especially  well  seen  in  the  sandstone  quarry  in  the  gorge  of  the  Passaic, 
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on  the  eastern  side  of  the  river.  The  conglomerates  here  carry 
quantities  of  shale  mixed  with  the  gravel.  The  old  streams,  of  which 
these  are  the  beds,  evidently  deposited  at  times  quantities  of  mud. 
As  the  waters  ceased  flowing  the  mud  was  dried  and  baked  till  it 
became  well  hardened.  When  the  next  rush  of  waters  came  some 
of  the  strata  of  hardened  mud  withstood  the  force  of  the  stream,  but 
others  were  broken  up  and  the  pieces  mixed  with  the  pebbles  and 
swept  along  with  the  current.  From  the  recurrence  of  the  phenomena 
this  must  have  happened  time  and  again. 

The  pebbles  of  the  beds  are  mostly  quartz,  sometimes  only 
slightly  rounded.  Limestone  is  also  of  frequent  occurrence.^  Often 
weathered  surfaces  of  the  conglomerate  show  rounded  cavities  from 
which  limestone  pebbles  have  been  dissolved,  and  the  general  porosity 
of  the  beds  may  be  partly  due  to  the  solution  of  smaller  lime  grains. 
The  presence  of  these  limestone  pebbles  indicates  a  not  distant  source, 
but  nothing  from  which  they  could  have  been  derived  is  to  be  foimd 
for  many  miles.  The  original  strata  were  either  totally  broken  up 
and  carried  away  or,  more  probably,  were  buried  beneath  later 
deposits. 

It  is  to  be  noted  that  the  pebbles  are  all  of  moderate  size,  rarely 
more  than  six  inches  in  diameter.  No  bowlder  masses,  like  those 
which  are  common  in  river  channels,  ancient  and  modern,  in  regions 
of  rugged  relief,  are  to  be  found  here.  The  trough  of  depression,  in 
which  deposition  was  proceeding,  had  been  filled  so  that  the  surface 
of  the  buried  valley  was  now  almost  a  level  plain,  on  which  the  rush  of 
waters,  even  from  torrential  streams,  soon  lost  its  force. 

From  the  evidence  of  the  rocks  themselves  at  the  base  of  the  First 
Watchung  Trap  we  are  able  to  picture,  with  a  fair  amount  of  certainty, 
the  character  of  the  region  and  the  conditions  of  the  deposition  of 
strata  preceding  the  period  of  the  lava  flow.  We  see  on  the  east  and 
the  west  chains  of  hills  of  moderate  relief,  composed  of  the  old  crystal- 
line rocks,  whose  surfaces  gradually  disintegrated  under  the  eflfects 
of  the  weather,  and  the  detritus  from  which  was  carried  down  the 
slopes  and  spread  over  the  intervening  valley.    The  climate  was  arid, 

I  In  a  couple  of  pebbles  of  decomposed  limestone  which  I  found  in  these  conglom- 
erates there  were  abundant  fossils.  Crinoid  segments  were  very  numerous,  and  bryo 
zoans  were  abundant.  There  was  also  a  fragment  which  may  have  been  the  pygidium 
of  a  trilobite. 
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and  during  the  long  periods  of  drought  the  streams  dwindled  away 
or  sank  into  the  sands.  At  times,  however,  torrential  storms  or  cloud- 
bursts occurred  and  the  sudden  rush  of  waters  carried  heavy  loads 
of  waste  material  before  them.  In  the  dry  periods  strong  winds 
played  an  important  part.  They  gathered  up  every  exposed  grain 
of  moderate  size  from  the  higher  ground,  and  swept  it  into  the  valley 
and  spread  it  out  in  accumulations  which  reached  great  thickness. 
The  floor  of  the  valley  was  almost  flat,  or  at  most  had  a  gentle 
slope  away  from  the  mountains  toward  the  axis.  In  the  lower-lying 
portions  lay  one  or  more  shallow  lakes,  which  in  periods  of  compara- 
tively large  rainfall  spread  over  wide  expanses,  and  in  dry  periods 
contracted  within  narrow  Umits. 

THE  LAVA  FLOW 

Over  such  a  region  as  we  have  pictured  a  great  lava  flow  was 
suddenly  poured  forth.  The  points  at  which  extrusion  took  place 
are  imcertain.  There  seem  to  have  been  no  preliminary  phenomena 
such  as  often  precede  lava  flows.  No  deposits  of  tuflF  or  other  ejecta- 
menta,  indicative  of  explosive  violence,  are  found  in  this  region.  The 
lava  seems  to  have  quietly  welled  forth  and,  as  we  shall  see  later, 
spread  out  in  a  thick  sheet  in  a  flow  which  was  practically  continuous. 

From  whatever  point  the  flow  may  have  entered  the  region  its 
natural  course  would  be  along  the  trough  of  the  valley.  The  shallow 
inequalities  which  existed  in  the  surface  offered  no  serious  obstacle 
to  it;  the  fluid  lava  filled  them  and  passed  on.  Such  small  bodies 
of  water  as  were  encountered  were  perhaps  quickly  turned  to  vapor 
and  driven  off.  Nevertheless  the  lakes  have  left  their  record  upon 
the  molten  rock,  and  though  in  places  the  writing  has  become  dim 
with  the  lapse  of  ages,  it  has  proved  so  nearly  indestructible  that  it 
can  still  be  deciphered,  and  the  site  of  the  lake  beds,  and  hence  the 
line  of  central  depression  of  the  valley,  can  be  determined  with  a  fair 
degree  of  confidence.  If  we  are  not  able  to  do  this  throughout  the 
area,  it  is  because  the  field  has  not  yet  been  thoroughly  studied  with 
this  object  in  view,  or  because  the  structure  of  the  trap  is  not  suffi- 
ciently revealed  in  the  surface  exposures. 

The  process  of  reasoning  is  as  follows:  Where  the  lava  covered 
arid  soil  it  was  practically  unaffected  by  water.    The  air  and  the 
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trace  of  water  contained  in  the  interstices  of  the  ground  would  be 
expanded  by  the  heat,  and  ha\ing  no  other  escape  would  force  them- 
selves into  the  molten  lava  and  render  it  vesicular  for  a  short  distance 
above  the  contact,  but  the  great  mass  of  lava  would  be  left  dense  and 
unaltered.  At  the  surface  of  the  sheet  the  escape  of  occluded  gases 
might  also  produce  a  slightly  porous  structure.  But  where  the  lava 
poured  over  lake  beds  the  case  was  different.  The  standing  water 
was  probably  not  of  suflScient  volume  to  produce  much  effect,  but  the 
underhing  strata  were  thoroughly  saturated.  The  heat  of  the  lava 
penetrated  downward  slowly  but  irresistibly,  and  the  water  was  vapo- 
rized. If  there  had  been  no  means  of  escape,  the  pressure  would  have 
gone  on  accumulating  until  it  became  enormous,  but  before  this  the 
vapor  began  to  push  itself  up  through  the  over-lying  lava,  and  thus 
found  vent.  It  continued  thus  to  force  its  way  long  after  the  lava 
congealed,  and  finally  the  temperature  dropped  to  such  a  degree  that 
currents  of  heated  water  replaced  the  steam.  The  effects  produced 
constitute  the  record  left  and  will  be  described  in  detaiL 

Let  us  first,  however,  examine  the  structure  of  the  trap  in  its  less 
affected  portions.  The  gorge  of  the  Passaic  in  the  vicinity  of  Figs. 
I  and  2  offers  good  opportunities  for  this.  It  is  seen  that  the  contact 
is  practically  conformable  with  the  stratification  of  the  imderlying 
sandstone  series,  but  there  are  slight  irregularities,  and  at  the  point 
where  Fig.  2  was  sketched  the  trap  drops  about  six  feet.  For  a  short 
distance  above  the  contact,  that  is,  from  a  few  inches  up  to  four  or 
five  feet,  the  trap  is  vesicular.  Above  this  it  is  firm  and  dense  to  the 
top  of  the  cliff.  At  Garret  Rock  there  is  another  good  exposure  of 
the  contact  where  the  D.  L.  &  W.  R.  R.  rounds  the  point  of  the  moun- 
tain. The  contact  is  perfectly  sharp,  but  slightly  irregular.  There 
is  no  mixture  of  the  trap  and  sandstone.    The  vesicularity  of  the 

trap  extends  about  three  feet  up 

^     and   the    sandstone   also    shows 

small    passages    through  which 

gases  were  forced.    Fig.  7  shows 

a  typical  example  of  the  contact  here.    In  some  places  the  trap  is  so 

welded  to  the  sandstone  that  the  same  hand  specimen  will  show  both. 

At  the  trap  quarry  southwest  of  Albion  Place  there  are  certain 

features  of  interest.    At  the  contact  there  is  a  mixture  of  vesicular, 
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decomposed  trap,  and  lumps  of  hardened  mud.  The  whole  is  much 
affected  by  weathering,  but  it  is  easy  to  distinguish  between  the  igneous 
and  sedimentary  material.  This  mixture  forms  an  irregular  band 
about  ax  inches  in  width.  Below  is  red  shale,  not  perceptibly  altered, 
extending  downward  for  several  feet.  Above  the  mixed  band,  the 
trap  is  vesicular  for  a  few  inches,  and  passes  upward  into  fine-grained, 
dense  rock.  The  impression  produced  is  that  the  first  thin  stream  of 
advancing  lava  flowed  over  a  bed  of  rather  damp  mud  and  became 
mixed  with  it,  and  that  this  in  tiun  was  soon  covered  by  later  streams. 
In  this  quarry  for  one  hundred  feet  or  so  along  the  quarry  face, 
about  six  feet  above  the  contact,  there  is  a  band  of  trap,  two  or  three 
feet  in  width,  having  the  structure 
shown  in  Fig.  8.  The  lines  of  the 
sketch  represent  cracks  from  one- 
half  inch  wide  down  to  a  mere  '^* 
seam,  which  extend  approximately  horizontally  along  the  cUff  face 
and  back  into  the  rock,  and  permit  it  to  be  separated  easily  into  slabs. 
The  cracks  are  filled  with  a  loose,  granular  material,  generally  of  a 
dark  color,  but  showing  calcite  grains  in  places.  This  same  slab-like 
or  platy  structure  can  be  observed  as  of  frequent  occurrence  in  the 
more  massive  portions  of  the  trap  sheet  in  various  localities,  though 
seldom  so  well  developed  as  here.  It  is  a  fair  inference  that  these 
plates  represent  rivulets  of  lava,  and  that  the  chilled  surfaces  have 
been  more  easily  weathered.  The  advance  of  the  lava  flow  should 
not  be  pictured  as  similar  to  that  of  a  sheet  of  water.  On  account  of 
viscosity  and  partial  congelation,  the  spreading  out  of  a  sheet  of  even 
the  most  fluid  lava  is  quite  a  different  process.  We  should  picture 
the  advance  of  this  Watchung  sheet  as  similar  to  the  form  of  the  Hawai- 
ian lava  flows  described  by  Major  Dutton: 

When  these  lavas  are  discharged  they  come  up  out  of  the  ground  in  enormous 

volumes,  are  intensely  heated,  and  are  very  liquid As  they  become  cooler 

they  become  more  viscous.  The  cooling  takes  place  upon  the  surface  of  the  mass 
while  the  interior  still  remains  hot  and  preserves  a  viscous  liquidity.  The  super- 
ficial crust  of  cooled  lava  imdergoes  rupture  at  numberless  points,  and  little  riMi- 
lets  of  lava  are  shot  out  under  pressure.  Preserving  their  liquidity  for  a  short 
time,  they  spread  out  very  thin  and  are  quickly  cooled,  forming  pahoehoe. 
Scarcely  is  one  of  these  little  offshoots  of  lava  cooled  when  it  is  overflowed  by 
another  and  similar  one,  and  this  process  is  repeated  over  and  over  again.     In  a 
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word  pahoehoe  is  fonned  by  small  offshoots  of  very  hot  and  highly  liquid  lava 
from  the  main  stream,  driven  out  laterally  or  in  advance  of  it  in  a  succession  of 
small  belches.  These  spread  out  very  thin,  cool  quickly,  and  attain  a  stable  form 
before  they  are  covered  by  succeeding  bdches  of  the  same  sort* 

Above  the  reticulated  strip  described  comes  fifteen  feet  of  nearly 
massive  trap  with  few  joints  or  planes  of  separation,  and  above  this, 
along  ah  irregular  line,  there  is  a  blocky  variety  of  considerable  thick- 
ness. Except  for  the  narrow  band  of  vesicular  trap  on  the  contact 
the  texture  of  the  whole  mass  is  firm  and  dense  and  the  rock  is  of  flint- 
like hardness. 

We  may  continue  southward  for  several  miles  along  the  cliffs  mark- 
ing the  eastern  face  of  the  mountain,  and  find  almost  identical  condi- 
tions everywhere.  The  base  of  the  trap  sheet  shows  slight  irregulari- 
ties but  is  practically  conformable  with  the  bedding  of  the  sandstones 
and  shales.  For  a  short  distance  above  it  is  apt  to  be  somewhat 
porous,  but  the  great  upper  mass  is  perfectly  dense. 

Evidence  of  the  eocistence  of  a  lake  bed,  covered  by  the  lava  flaw, — 
Let  us  now  follow  the  D.  L.  &  W.  R.  R.  westward  from  Garret  Rock 
to  the  West  Paterson  trap  quarry.  Garret  Rock  is  a  bold  cliff  mark- 
ing the  eastward  scarp  of  the  mountain,  and  from  here  the  railroad 
makes  a  section  almost  at  right  angles  to  the  line  of  the  ridge.  About 
three  thousand  feet  from  the  rock  it  passes  the  quarry  mentioned, 
which  is  in  the  very  midst  of  the  trap  area.  The  quarry  has  been 
famous  to  mineralogists  for  years  for  the  specimens  of  zeolites  and 
associated  minerals  which  have  been  obtained  from  it.  It  is  only 
within  about  a  year,  however,  that  operations  have  proceeded  so  far 
that  the  geological  conditions  have  become  plain  and  the  whole  ston- 
revealed  so  that  it  can  be  easily  read.  The  section  is  so  perfect,  and 
the  rock  and  its  minerals  are  so  fresh  and  unaltered  that  a  careful 
study  of  the  exposure  should  be  made.  We  shall  find  here  the  expla- 
nation of  features  occurring  elsewhere,  which  by  themselves  might 
convey  little  meaning. 

The  first  observ^ation  which  will  probably  be  made  is  that  here  in 
the  midst  of  the  trap  area  the  bottom  of  the  quarry  shows  a  floor  of 
hardened  red  mud  rising  from  the  west  toward  the  east.  On  this 
the  trap  rests.    Along  the  contact  for  a  width  of  ten  feet  or  more  the 

'  Fourth  A  nnual  Report,  U.  S.  Geological  Survey,  pp.  95,  96. 
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trap  and  mud  show  evidences  of  having  experienced  the  most  violent 
agitation.  The  two  are  mixed  and  kneaded  in  a  manner  so  involved 
that  it  can  hardly  be  imagined.  The  mud  has  boiled  through  and 
through  the  seething  body  of  lava  until  particles  of  mud  of  every  size 
from  minute  specks  to  large  masses  have  become  incorporated  in  the 
pasty  flow.  Both  lava  and  mud  are  full  of  blow  holes,  steam  vents, 
and  other  forms  of  irregular  pipes  and  cavities  which  attest  the  violent 
escape  of  gases. 

Above  this  confused  mixture  the  lava  is  generally  found  to  show 
a  transition  to  a  purer  condition.     It  is  still  thoroughly  vesicular  for 


Fig.  9 


several  feet,  but  less  mud  is  found  in  it  as  we  go  upward.  Still  higher 
no  mud  whatever  is  found,  and  the  overlying  mass  of  lava,  probably 
nearly  seventy-five  feet  in  thickness  to  the  surface,  is  purely  igneous 
rock.  The  structure  of  this,  however,  is  very  different  from  the  close- 
textured  rock  which  we  found  along  the  eastern  border  of  the  trap 
sheet;  and,  in  its  way,  the  evidence  of  the  action  of  escaping  gases 
and  heated  waters  is  as  perfect  as  in  the  underlying  portions.  Amyg- 
dules  are  still  frequent,  but  the  more  characteristic  appearance  is  the 
bowlder-like  structure  shown  in  Fig.  9.  The  bowlders  are  of  dense 
trap,  with  crusts  of  dark  glass.  Vugs  of  mineral  lie  between,  and  it 
is  in  these  vugs  that  the  crystallized  zeolites  are  found. 

This  structure  is  common  throughout  the  whole  quarry.  Even 
the  masses  of  trap  which  do  not  show  the  glassy  crusts  or  the  vugs 
are  so  seamed  with  fissures  as  to  be  easily  broken  apart.    Toward 
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the  surface  of  the  groond  this  stnKture  is  not  so  evident.  This  is 
mosth-  due.  no  doubt,  to  the  leacfaing-out  of  the  secondary  minerals, 
but  the  impresaoD  b  left  that  in  its  original  occurrence  it  may  not 
have  been  so  well  developed  in  the  upper  layers. 

The  course  of  events  which  gave  rise  to  these  features  is  to  be 
explaii^  as  follows:  Before  the  lava  flow  occurred  this  site  was 
occupied  by  a  shallow  body  of  water  with  a  muddy  bottom.  When 
the  first  thin  flow  of  intensely  heated  igneous  rock  plimged  into  it, 
the  violent  agitation  resulted  in  a  thorough  mixtiure  of  the  two.  At 
short  intcr\'als  further  flows  added  to  the  depth  of  the  mass.  The 
successive  spurts  and  tongues  of  fused  material  burst  forth  everywhere. 
Chilled  almost  at  once  by  the  steam  pouring  aroimd  them,  they  built 
up  a  structure  of  bowlder-like  forms.  The  original  body  of  water 
was  cjulckly  driven  off,  but  that  contained  in  the  satiurated  strata 
beneath  was  changed  to  steam  and  rushed  up  through  the  mass. 
Some  of  it  found  its  way  into  and  through  the  fused  material,  but  the 
greater  part  worked  its  way  around  and  among  the  bowlders,  with  the 
result  of  quickly  cooling  the  crusts,  producing  a  glassy  texture  and 
a  multitude  of  cracks.  The  evidence  of  these  effects  throughout 
tlu*  seventy  or  eighty  feet  to  the  surface  indicates  that  at  least  this 
depth  of  lava  had  reached  its  position  while  the  action  was  still  con- 
tinuing, though  it  does  not  follow  that  there  may  not  have  been  inter- 
\als  during  which  the  llow  of  lava  ceased. 

iMUlhrr  than  the  physical  etTects  of  chilling  the  lava  and  pro- 
i\\\\  \\\}\  ihr  rrusis  and  cracks,  the  steam  seems  to  have  had  little  result. 
In  phu  \'N  the  inner  surfaces  of  the  blow-holes  have  no  lining  of  miner- 
i\U  U\\{  ap|H  ar  eiuiroly  unahered.  In  another  locaUty,  which  will 
\k  \leM  \\\kk\  later,  many  of  the  steam  vents  were  blown  full  of  sand 
\M  \\\\\\  M\\\  this  tn^^uently  lies  up  against  the  chilled  glass,  without 
.uu  \\\\\\\  M\\\\\  \A  aheraiion  in  the  laitor.  Later,  after  a  considerable 
n\hn,d  \vt  i\uu\  ilv  mass  of  lava  cvx^kxl  to  such  a  degree  that  the 
\n\d\*Kuv\»,  WNvnx^UN  Ivj^an  u^  supply  a  mixture  of  water  with  the 
u  ^n^,  .^uxt  ii',\,^ru  iWA  l\  hv  a:k\:  waters  ixissctl  up  through  the  vents, 
Msd  \\\\U  \Sexv  ;*N'  NixN^^IJiri:*,^:  ,w':v>n  anvl  formadon  of  minerals 
ts*,.^u  >i^  t.^\.^  V.ul  \v^*.  >\^  :hon.n*^hly  s<-amed  and  cracked  that 
y^  nnM'UI  »sv;  S  ^\v  ,k\  an!  **v,v'"  o\<:r,x^:k\r:  v  :hc  dow  of  these  waters, 
,\u>t  i.  sUs>  -^^.  '^w**^  .'\^.    V^  sv;:v.  hAW  Sxr.  i:  anv  time  under  a 
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pressure  which  would  greatly  raise  their  boiling  point.  Rather  must 
we  suppose  that  the  principal  mineralizing  effects  were  due  to  waters 
having  a  temperature  but  little  above  100°  C. 

Further  evidence  of  a  relatively  unobstructed  and  rapid  circulation 
of  water  is  supplied.in  the  fact  that  frequently  the  transparent  crystals 
lining  the  vugs  show  inclusions  of  dark  sediment,  or  again  the  crust 
of  perfectly  formed  crystals  is  covered  with  a  deposit  of  the  same 
sedimentary  material. 

The  minerals  produced  are  largely  due  to  the  action  of  these  hot 
waters  upon  the  glassy  crusts  of  rapidly  chilled  trap.  The  muds  them- 
selves show  practically  no  alteration  except  hardening,  and  the  elements 
of  the  minerals  are  those  of  the  igneous  rock,  with  water  added.  In 
fact  the  zeolites  seem  to  be  the  direct  result  of  the  addition  of  water 
of  crystallization  to  the  albite  and  anorthite  mixtures  of  the  feld- 
spars and  result  from  a  crystallization  of  previously  existing  silicate 
material  by  a  sUght  modification  of  its  composition.  The  presence 
of  datoUte  and  apophyllite — compounds  carrying  boron  and  fluorine — 
indicates  that  the  elimination  of  magmatic  vapors  from  the  igneous 
material  was  still  in  progress  during  the  process  of  formation  of  the 
secondary  minerals.  Such  emanations  may  have  been  powerful  agents 
in  conveying  to  the  channels  of  circulation  material  derived  from 
the  magma,  and  in  the  rearrangement  of  the  various  elements 
present. 

All  stages  of  transition  in  the  alteration  of  the  trap  and  the  forma- 
tion of  minerals  from  it  are  common.  Frequently  we  find  a  breccia 
with  angular  fragments  of  trap  as  nuclei  and  crystalline  minerals 
for  a  filling.  The  most  perfect  crystals,  however,  form  linings  to 
the  cavities  between  the  bowlders.  I  beUeve  there  is  evidence  of  a 
definite  sequence  in  the  formation  of  the  minerals  but  there  are  diffi- 
culties in  determining  it  in  many  cases.  Apparently,  however,  it  is 
as  follows:  First,  a  dark  green,  chloritic  mineral,  followed  by  prehnite, 
datoKte,  and  pectolite;  then  the  zeoUtes,  analcite,  laumontitc,  cha- 
bazite,  natrolite,  heidandite  and  stilbite;  ending  with  apophyllite 
and  thaumasite.  Quartz  and  calcite  are  very  common  but  seem  to 
have  been  depoated  at  several  stages  and  cannot  be  assigned  a  definite 
position  in  the  series.  The  only  metallic  minerals  observed  are  chal- 
copyrite  and  hematite.     Small  grains  of  these,  sometimes  well  crys- 
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talHzed,  are  common,  but  like  quartz  and  caldte,  tfaey  camK>t  be 
given  a  definite  jdace  in  the  cxder  of  deposition. 

The  structure  which  I  have  described  changes  toward  the  surface. 
It  may  not  have  been  so  well  developed  in  the  tq>per  layers,  and 
weathering  has  obscured  the  effects.  So  far  have  the  changes  pro- 
ceeded at  this  point  that  the  outcrops  of  rock  just  above  the  quarry 
have  to  be  examined  very  carefully  before  any  difference  in  structure 
can  be  noted  betrneen  these  rocks  and  the  ordinary  firm-textured  trap. 
A'wide  area  of  surface  surrounding  this  pmnt  plainly  shows  a  survival 
of  the  structural  differences  described,  but  immediately  back  of  the 
quarry  they  are  almost  gpne,  thou^  so  well  developed  in  the  rock 
beneath.    This  point  should  be  noted,  for  in  following  on  the  surface 


Fig.  io 

the  area  which  was  underlain  by  the  lake  we  find  occasionally  areas  of 
dense-textured  rock,  lacking  practically  all  evidence  of  being  different 
from  that  which  overflowed  the  arid  country,  and  we  should  perceive 
that  the  presence  of  surface  rock  of  this  nature  does  not  necessarily 
imply  the  lack  of  the  characteristic  structure  beneath.  In  the  areas 
which  I  have  explored,  however,  the  altered  rock  has  been  so  fre- 
quently found  where  it  has  been  expected,  and  where  it  should  have 
been  developed  if  the  lake  had  the  form  assumed  from  the  position 
of  the  few  well-developed  exposures  which  I  first  noted  and  on  which 
I  based  the  theory  of  its  existence,  that  its  general  form  and  position 
can  be  predicated  with  fair  confidence. 

The  features  which  best  survive  the  effects  of  weathering  are 
the  extremely  vesicular  or  sponge-like  fades  of  the  lower  layers  near 
the  contact,  and  the  smooth,  rounded,  bowldery  forms  with  brecciated 
crusts  of  the  upper  parts.  Of  the  secondary  minerals  few  survive 
prolonged  weathering,  except  quartz  and  prehnite  and  occasionally 
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caldte,  but  the  irregular  cavities  from  which  they  have  been  dissolved 
have  frequently  been  noted. 

The  surface  areas  on  which  I  foxmd  these  structures  in  the  inune- 
diate  vicinity  are  indicated  on  the  map. 

Let  us  now  go  southward  about  three  miles  to  an  old  trap  quarry 
near  the  Great  Notch,  formerly  worked  by  Francisco  Brothers. 


Fig.  II 

Unfortunately  no  work  has  been  going  on  here  for  several  years  so 
that  the  features  to  which  I  wish  to  call  especial  attention  can  now 
be  seen  at  a  few  points  only,  though  formerly  visible  over  a  good 
part   of  the   quarry.    Fig.  10  is  ,,<T!t^._  ^'j^  '^ 

from  a  sketch  of  the  south  side  of 
the  quarry  made  in  1902,  and 
Fig.  1 1  is  of  the  east  side  made  at 
the  same  time.  The  bowlder- 
forms  noted  in  the  West  Paterson 
quarry  were  well  developed  and 
the  crj'stal  vugs  were  also  present; 
but  a  new  feature  to  be  noted  is 
what  at  first  sight  appears  to 
be  a  breccia  of  sharply  defined,  angular  blocks  of  sandstone,  ranging 
up  to  a  foot  in  diameter,  lying  in  the  midst  of  the  trap.  Their 
presence  in  a  surface  flow  of  lava  might  be  extremely  puzzling  until 
some  such  occurrence  as  that  shown  in  Fig.  12  is  noted.    From  a 
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study  of  this  and  of  the  other  occurrences  it  is  seen  that  the  blocks 
of  sandstone  are  in  reality  made  up  of  finely  divided  material 
caught  up  from  the  bottom  of  the  lake  and  carried  to  their 
present  position  in  the  form  of  dust  by  the  blast  of  steam. 
Later   they   were    consolidated   by   the   deposition   of    secondary 


Fig.  13 

minerals,  but  the  amount  of  the  latter  is  so  small  as  not  to  be 
perceived  at  a  casual  glance.  So  fine  was  the  dust  that  it  pene- 
trated the  most  minute  crevices  and  at  times  its  presence  can  be 
detected  only  with  a  lens.  Fig.  13  shows  a  small  block  of  trap  with 
sand  inclusions,  drawn  in  careful  detail,  and  Fig.  14  is  another  portion 
of  the  same  block  as  Fig.  13,  showing  dust-lined  amygdules,  later 
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filled  with  zeolites.  It  should  be  noted  that  the  surface  trap  at  this 
quarry  is  of  the  dense  variety  for  a  thickness.of  several  feet  and  gives 
no  hint  of  the  structure  underneath.  A  short  distance  west  of  this 
point,  just  below  the  main  Une  of  the  N.  Y.  and  Greenwood  Lake 
R.  R.  is  the  entrance  to  a  water-supply  tunnel,  which  was  driven 
under  the  mountain  a  number  of  years  ago.  It  entered  trap  on  the 
western  side*  and  came  out  in  the  sandstone  country  on  the  east,  and 


Fig.  14 

in  its  course  passed  ahnost  directly  beneath  the  Francisco  quarry  just 
described,  but  at  a  much  lower  level.  At  the  time  that  work  was  in 
progress  much  of  the  material  brought  out  and  thrown  on  the  dump 
was  of  the  characteristic  structure  which  we  recognize  as  being  asso- 
ciated with  the  portion  of  the  lava  flow  which  plunged  into  the  old 
lake.  Glassy  crusts,  crystal-lined  vugs,  and  sandstone  inclusions  were 
all  common. 

The  two  localities  described,  the  one  at  West  Paterson  and  the 
other  at  Great  Notch,  give  us  the  general  line  of  the  lake  valley  and 
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show  us  the  changes  in  the  trap  by  which  we  can  recognize  its  position. 
I  will  now  take  up  some  of  the  typical  exposures  and  describe  any 
details  which  may  seem  of  importance.  The  most  northerly  point 
at  which  I  have  found  evidence  of  the  existence  of  the  lake  is  at  the 
comer  of  Union  Ave.  and  Marion  St.  in  Paterson.  There  is  a  small 
outcrop  of  trap  here,  showing  bowlder  forms  and  glassy  crusts,  stained 
with  copper.  About  half  a  block  south  is  the  site  of  Hoxsey's  quarry, 
which  many  years  ago  was  a  famous  himting>groimd  for  mineral 
collectors,  and  specimens  from  which  are  foimd  in  cabinets  throughout 
the  country.  The  hill  of  trap  which  formed  the  quarry  was  leveled 
off  years  ago  and  work  was  abandoned.  A  large  part  of  the  quarry 
ground  is  now  built  up  with  houses  and  nearly  all  trace  of  it  is  gone. 
When  I  was  familiar  with  it  the  form  of  its  structure  bore  little  signifi- 
cance to  me,  but  I  remember  the  general  details  and  believe  the 
structure  was  almost  a  duplicate  of  that  now  showing  in  the  upper 
portions  of  the  West  Paterson  quarry.  In  one  place  the  floor  of  the 
quarry  showed  calcite-impregnated,  amygdular  trap,  but  work  was 
not  carried  below  this.  I  do  not  recall  the  presence  of  sandstone 
inclusions,  but  upon  a  recent  visit  to  the  locality  (September,  1907) 
I  was  lucky  enough  to  find  a  little  work  going  on  in  Kearney  St., 
apparently  for  a  sewer  connection,  which  showed  perfectly  the  crusted 
bowlder-forms  and  the  vugs  and  also  sandstone  inclusions. 

Southerly  from  here  is  an  exposure  just  east  of  the  reservoir  on 
the  hill  near  the  Soldiers*  Monument.  The  outcrop  is  small  but  the 
characteristic  features  are  well  developed.  This  exposure  is  only 
a  few  hundred  feet  west  of  the  cliffs  where  Figs,  i  and  2  were  sketched 
and  wc  are  now  able  to  appreciate  the  full  significance  of  the  valley 
shown  in  these  sketches.  We  see  that  a  river  at  one  time  entered  the 
lake  at  this  point,  but  its  valley  had  been  nearly  filled  and  its  course 
almost  obliterated  until  only  a  shallow  depression  remained  at  the 
time  of  the  trap  flow.  Its  bed  was  dry,  as  is  shown  by  the  slight 
degree  of  vesicularity  of  the  trap  at  the  contact  and  the  close  textiure 
above,  whereas,  over  the  lake  bed  the  water-soaked  muds  wrought 
changes  in  the  trap  to  a  much  higher  level. 

Going  a  little  farther  south  we  come  to  a  small  abandoned  quarry 
just  across  the  road  from  the  Water  Works  Pumping  Station.  We 
may  note  the  bowlder-forms  here  with  which  we  have  become  familiar 
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and  there  is  another  feature  of  especial  mterest.  The  slaggy,  wrinkled 
crust  of  one  of  the  flows  is  finely  exposed  in  two  or  three  places.  It 
projects  as  an  inclined  shelf,  one  or  two  feet  wide  and  fifteen  or  eigh- 
teen feet  long,  from  under  later  trap,  but  at  only  two  or  three  places 
on  this  shelf  is  the  structure  perfectly  developed.  The  wrinkled 
surface  is  shown  in  Fig.  15.  It 
appears  to  be  a  crust  one-half  to 
two  inches  thick,  over  another 
flow  which  also  shows  a  wrinkled 
surface  in  one  place.  Although 
somewhat  weathered  the  original 
rock  was  plainly  of  a  close,  glassy 
texture.  No  vesicles  are  visible. 
The  wrinkles  are  plentiful,  form- 
ing curved  grooves  one-foiuth  to 
one-half  inch  deep.  The  direc- 
tion of  all  of  them  points  to  a  flow  northward  at  this  point, 
and  though  we  must  not  lay  too  much  stress  upon  this,  a  north- 
ward flow  is  perfectly  consistent  with  the  shape  of  the  valley.  This 
crust  does  not  of  course  represent  a  part  of  the  final  surface  of  the 
lava  flow.  It  is  merely  the  crust  of  one  of  the  small  sheets,  spurted 
forth  under  pressure,  and  soon  covered  by  other  portions  of  the  flow. 
The  innumerable  bowlder-crusts  to  be  found  throughout  the  area 
which  we  are  stud)dng  are  practically  the  same  thing,  but  in  few  cases 
was  the  wrinkled  surface  preserved  so  perfectly  as  in  this  example. 

At  the  Falls  the  rocks  on  both  sides  of  the  river  at  the  brink  of  the 
chasm  show  many  irregular  vug  holes  and  in  places  crystals  can  be 
seen.  We  are  here,  however,  far  above  the  base  of  the  sheet  and  the 
exposure  is  not  a  typical  one.  Farther  south  there  is  an  occurrence 
on  the  Little  Falls  turnpike,  showing  the  characteristic  structure. 
The  most  noteworthy  feature  is  the  recurrence  here  of  the  wrinkled 
crust  of  one  of  the  bowlder  masses,  showing  as  a  slight  projection. 

Next  comes  the  West  Paterson  quarry  aheady  described  in  detail. 
I  have  foim^l  in  this  vicinity  evidences  of  the  lake  valley  over  a  large 
surface  area  but  have  not  yet  had  the  opportunity  to  explore  the 
vicinity  in  suflicient  detail  to  fix  definitely  the  limits  of  the  area  covered 
by  the  lake. 
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Going  southward  from  this  point  along  the  mountain  road  there 
are  positive  evidences  at  many  places,  as  indicated  on  the  map.  I 
have  no  doubt  that  with  some  search  other  characteristic  exposures 
can  be  found  in  this  vicinity. 

Southwest  of  the  mountain  reservoir  there  is  another  large  area 
shown.  Along  the  road  and  in  adjacent  fields  the  trap  is  very  vesicu- 
lar. Plowed  fields  are  filled  with  the  honeycombed  fragments  and 
some  is  plainly  in  place.  A  little  to  the  westward  the  stone  walls  are 
built  of  the  crusted  bowlders  and  rock  of  this  structure  is  also  found 
in  place. 

South  of  Great  Notch  the  occurrences  in  the  pipe-line  tunnel  and 
in  the  old  quarry  of  Francisco  Brothers  have  been  described.  Fran- 
cisco's new  quarry  also  shows  it  well  at  the  southern  end. 

About  a  half-mile  south  of  Great  Notch  station  is  the  reservoir  of 
the  Newark  water  department.  The  work  here  was  done  in  1902 
and  at  that  time  the  progress  of  the  work  showed  the  character  of  the 
trap  underlying  the  valley.  From  the  gate-house  a  deep  trench  was 
excavated  North  and  South  as  a  foimdation  for  the  dam.  In  this  the 
trap  was  very  porous  and  vesicular  for  many  hundred  feet.  From 
the  surface  to  a  depth  of  twenty  feet  or  so  the  trench  showed  bowlder- 
drift.  For  probably  forty  feet  below  this  the  trench  was  in  rock,  ver}' 
vesicular,  with  abundant  minerals.  Stilbite,  chabazite,  heulandite, 
prchnite,  calcite,  and  quartz  were  recognized.  From  the  gate-house 
other  trenches  running  cast  and  west  showed  vesicular  trap  for  several 
hundred  feet.  A  little  to  the  north  the  quarry  which  was  opened  up 
for  the  purpose  of  obtaining  rock  for  the  concrete  of  the  dam  shows 
the  bowlder-structure  and  alongside  the  road  running  eastward  in 
front  of  the  dam  the  rock  is  honeycombed.  These  last  two  exposures 
are  still  in  evidence,  but  that  in  the  trenches  is  now  covered  with  tons 
of  earth  and  masonry,  and  the  only  indications  of  the  rock  taken  out 
are  the  bowlders  piled  in  the  road  embankment. 

I  have  not  traced  the  prolongation  of  the  valley  south  of  this  point. 
At  Upper  Montclair  the  trap  quarry  of  Osborne  and  Marsellis  shows 
a  set  of  phenomena  which  probably  has  some  connection  with  it, 
but  the  exact  relations  are  not  certain.  The  contact  of  trap  and 
sandstone  is  seen  to  be  very  ragged.  Angular  blocks  of  sandstone 
project  upward  a  distance  of  eighteen  inches  or  two  feet  into  the  trap 
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in  many  places.  Above  the  contact  much  of  the  trap  is  vesicular, 
but  in  places  dense  trap  comes  down  to  the  contact.  The  vesicular 
trap  gives  on  weathering  a  brownish,  pulverulent,  tuff-like  material, 
but  I  do  not  think  that  true  tuff  is  present.  Where  not  weathered  it 
contains  many  seams  and  vugs  of  crystals.  The  dense  trap  is  some- 
times separated  quite  abruptly  from  the  vesicular  form  and  in  other 
places  there  is  a  transition  from  one  to  the  other. 

There  was  evidently  considerable  agitation  here  at  the  time  of  the 
trap  flow,  but  it  does  not  appear  to  have  been  so  violent  as  in  the  cases 
previously  described.  The  position  of  this  quarry  is  on  the  eastern 
edge  of  the  trap  sheet,  somewhat  removed  from  the  line  of  direction  of 
the  lake  valley,  so  far  as  determined.  I  should  consider  that  this 
marked  a  spot  of  marshy  ground  in  the  general  area  of  the  lake  basins, 
rather  than  a  large  body  of  water.  Professor  Kemp  (in  a  personal 
coHMnimication)  reports  the  discovery  of  reptile  trails  in  the  shales 
underlying  the  trap  at  this  quarry. 

A  reference  to  the  accompanying  map  will  show  many  other 
localities  in  which  typical  exposures  have  been  found.  In  most  of 
these  cases  the  crusted  bowlders  are  the  most  prominent  features 
.  to  be  observed  in  the  structure  of  the  rock.  In  a  few  cases  I  have 
indicated  on  the  map  outcrops  of  normal,  dense  trap.  These  are 
only  shown  where  they  have  some  significance  in  defining  the  limits 
of  the  lake  area. 

FAULTS 

An  explanation  of  the  appearance  of  the  shales  beneath  the  trap 
sheet  at  the  West  Paterson  quarry  in  the  midst  of  the  trap  area  is 
required.  Along  the  eastern  scarp  of  the  ridge  the  sandstone  series 
is  foimd  to  have  everywhere  a  gentle  westerly  dip,  averaging  six  or 
seven  degrees,  as  it  disappears  beneath  the  trap.  Assuming  that 
this  dip  continued  from  Garret  Rock  westward  to  the  quarry, 
the  base  of  the  trap  sheet  should  lie  several  hundred  feet  beneath 
the  surface  at  this  point.  To  explain  the  reappearance  of  the 
sandstone  then  we  must  suppose  either  that  there  has  been  a 
sudden  reversal  in  the  direction  of  the  dip  or  that  it  has  been 
brought  up  by  faulting.  There  is  no  evidence  of  a  reversal  of  dip 
and  its  existence  would   be   contrary  to  the   general    monoclinal 
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structure  of  the  region.  There  are,  however,  excellent  reasons  for 
supposing  that  a  series  of  northerly  and  southerly  faults  runs  through 
the  country. 

A  little  west  of  Garret  Rock  there  is  a  very  evident  displacement, 
described  and  figured  by  Davis  in  his  paper  on  the  "  Triassic  Traps  and 
Sandstones,"  and  referred  to  by  Darton,*  who  figures  a  displacement 
of  about  seventy  feet,  with  downthrow  on  the  eastern  side,  and  with 
this  allowance  calculates  a  thickness  of  seven  himdred  feet  for  the  trap 
sheet  along  this  section.  On  this  supposition  the  imderlying  shales 
should  lie  not  less  than  two  himdred  feet  beneath  the  surface  at  the 
West  Paterson  quarry.  As  they  are  brought  up  again  at  this  point  a 
displacement  of  something  hke  two  hundred  feet  by  faulting  is  shown 
to  have  occurred,  in  addition  to  the  seventy-foot  throw  referred  to  by 
Darton.  In  the  quarry  itself  there  are  many  nearly  vertical  planes 
of  cleavage,  running  from  top  to  bottom  of  the  quarry  and  having  a 
direction  nearly  north  and  south.  Over  much  of  the  country  covered 
by  the  map  there  is  a  prominently  developed  set  of  cleavage  planes 
having  a  general  northerly  and  southerly  direction  (N.  o  E.  to  N.  30  E) . 
Frequently  where  a  little  quanting  has  been  done  they  appear  as 
innumerable  sharply  defined  breaks  in  the  quarry  walls.  Near  the 
road  which  nms  through  the  gap  of  the  Great  Notch  a  series  of  pinna- 
cles on  the  northern  side  indicates  a  faulted  structure.  This  same 
series  of  faults  continued  southward  follows  the  line  of  valley  along 
which  the  N.  Y.  &  G.  L.  R.  R.  has  been  built  from  the  station  at 
Montclair  Heights  northward,  and  apparently  has  resulted  in  the  two 
parallel  crests  of  the  ridge  here.  The  faults  are  well  shown  in  the 
large  quarry  near  the  railroad  line  in  this  inner  valley  and  the  move- 
ments have  resulted  in  the  formation  of  slickensides  and  gouge  matter. 
There  is  reason  to  believe  from  the  evidence  at  hand  that  a  multitude 
of  displacements  of  slight  throw,  and  a  few  well-developed  faults  of 
greater  throw,  all  having  a  northerly  and  southerly  course,  have  aflfected 
the  coimtry.  The  appearance  of  the  imderlying  lake  bottom  at  West 
Paterson  subtracts  two  himdred  feet  from  Barton's  estimate,  and 
possible  displacements  to  the  west  of  this  are  likely  to  reduce  the  figures 
still  more. 

«  Bulletin  67^  U.  S.  Geological  Survey,  "  The  Relations  of  the  Traps  of  the  Newark 
System  in  the  New  Jersey  Region,"  p.  23. 
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r£sum£ 

We  have  seen  that  the  series  of  clastic  rocks  of  the  Newark  For- 
mation underlying  the  First  Watchimg  Trap  was  deposited  as  sur- 
face accumulations  in  a  semi-desert  area,  mostly  under  subaerial 
conditions,  in  which  the  wind  played  an  important  part.  Most  of 
the  material  from  which  it  was  derived  is  plainly  traceable  to  the 
old  crystallines  on  the  borders  of  the  basin.  Either  the  original  floor 
of  the  basin  on  which  accumulation  began  was  almost  a  plain,  or 
accumulation  had  proceeded  to  such  a  degree  that  minor  featiures  of 
relief  had  been  buried  by  it,  resulting  in  a  surface  with  only  gentle 
slopes  at  the  period  immediately  preceding  the  extrusion  of  the  trap 
sheet.  The  usual  topographical  features  of  such  a  surface,  in  the 
nature  of  shallow  valleys  and  stream  channels,  were  present,  and 
we  must  suppose  that  the  naturally  heavier  accumulation  of  detrital 
material  along  the  bases  of  the  bordering  ridges  resulted  in  lines  of 
consequent  drainage  from  the  ridges  toward  a  central  area  of  lower- 
lying  ground,  which,  in  the  logic  of  circumstances,  would  be  occupied 
by  a  shallow  lake  or  series  of  lakes.  Inasmuch  as  the  drainage  on  the 
eastern  side  of  the  lakes  came  from  the  country  lying  on  the  east, 
we  are  able  to  affirm  that  at  least  the  heavier  sediments  in  the  sand- 
stone series  on  this  side  of  the  lakes  had  their  origin  in  the  eastern 
hills  and  to  point  to  this  section  as  the  original  home  of  the  limestone 
pebbles  in  the  conglomerate  beds. 

Over  such  a  region  a  flow  of  lava  poured  forth,  which  accumulated 
in  the  low -lying  areas  occupied  by  the  lakes,  and  spread  out  over  the 
sloping  ground  along  the  border  fines. 

When  we  came  to  examine  the  lava  itself  we  saw  that  it  carried  in 
its  own  mass  plain  evidences  of  the  structural  changes  which  were 
produced  by  the  presence  of  the  lakes  and  of  the  water-bearing  strata 
beneath.  Whereas  beyond  the  borders  of  the  lakes  the  lava  was  of  a 
close,  firm  texture  and  showed  a  condition  of  quiet  and  tranquilfity 
during  the  process  of  cooling  and  hardening,  over  the  area  of  lake 
bottom  there  was  evidence  of  violent  agitation  having  affected  it 
during  the  initial  flows,  and  rapid  coofing  and  the  production  of  much 
glassy  material  during  succeeding  flows,  foUowed  still  later  by  the 
crystalfizing  effects  wrought  by  heated  waters  and  the  production 
of  secondary  minerals. 
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By  an  examination  of  the  territory  and  a  study  of  the  structure  of 
the  trap  sheet  we  are  able  to  define  approximately  the  shape  of  the 
area  covered  by  the  lake  or  lakes. 

I  have  outlined  on  the  map  a  tentative  boundary.  The  lake  itself 
seems  a  sufl&ciently  distinctive  feature  of  the  ancient  topography  to 
receive  a  specific  name,  and  I  haVe  called  it  Lake  Paterson,  from  the 
locality  where  some  of  the  most  typical  exposures  are  to  be  found.' 

<  In  the  Transactions  of  the  Geological  Society  of  America  for  1897  (Vol.  VIII,  pp. 
S9ff.)  Professor  B.  K.  Emerson  gives  a  detailed  description  of  the  occurrence  of  sand- 
stone inclusions  in  the  Connecticut  valley  traps,  which  have  many  points  of  similarity 
to  those  of  the  New  Jersey  area.  The  theory  by  which  he  accounts  for  their  presence, 
however,  is,  in  some  features,  radically  different  from  that  oflfered  here,  chiefly  in 
tbat  it  is  based  upon  a  fundamental  conception  that  the  lava  was  a  submarine  flow, 
covering  the  muddy  bottom  of  a  bay.  While  this  may  account  for  the  features  which 
he  describes  in  the  New  England  area,  I  think  that  the  explanation  proposed  in  the 
preceding  pages  will  better  accoimt  for  the  features  of  the  trap  sheet  and  for  the  rela- 
tioos  of  trap  and  sandstones  in  the  New  Jersey  area. 
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In  April,  1904,  the  author  visited  Great  Cacapon,  Western  Mary- 
land, in  company  with  Messrs.  Charles  Butts,  G.  W.  Stose,  and  George 
C.  Martin.  At  that  time  certain  fossils  were  observed  which,  it  was 
believed,  might  indicate  the  presence  of  the  Ithaca  faima  in  Maryland. 
Subsequent  and  fuller  investigations  have  been  made  which  have  con- 
firmed this  view.'  As  the  extension  of  the  Ithaca  faima  into  this  area 
had  not  been  previously  noted,  it  is  believed  that  a  brief  presentation 
of  the  results  obtained  may  be  of  interest.  A  rdsum^  of  the  history  of 
the  earlier  investigations  of  the  Upper  Devonian  formations  of  Mary- 
land will  be  helpful  in  understanding  the  facts  to  be  presented. 

HISTORICAL  REVIEW 

In  1892  Mr.  H.  N.  Darton  proposed  the  name  Jennings  formation 
for  the  Upper  Devonian  rocks  which  lie  below  the  Hampshire,  and 
above  the  Romney  in  the  Staunton,  Virginia,  quadrangle.^  The 
name  was  subsequently  adopted  by  the  Maryland  Geological  Survey 
for  similar  strata  in  Maryland. 

A  detailed  study  of  the  Upper  Devonian  formations  of  western 
Maryland  was  made  by  Professor  Charles  S.  Prosser,  assisted  by  R. 
B.  Rowe,  C.  C.  O'Harra,  and  others  in  the  years  1898, 1899,  and  1900. 
The  fossils  collected  were  described  by  Dr.  J.  M.  Clarke.  A  brief 
statement  of  the  results  obtained  was  published  by  Professor  Prosser 
in  the  Journal  oj  Geology  in  1901.^ 

It  was  shown  that  the  Jennings  formation  in  Maryland  embraces 
three  members  which  are,  in  general,  equivalent  to  the  Genesee,  Por- 
tage, and  Chemung  of  New  York. 

»  Published  by  permission  of  the  Maryland  Geological  Survey, 
a  A  brief  statement  of  this  fact  was  published  in  Maryland  Geol.  Survey,  Vol.  V, 
1905,  and  in  the  Johns  Hopkins  University  Circular,  New  Series,  No.  7,  p.  50,  1907. 

3  American  Geology y  Vol.  X,  1892,  p.  17. 

4  Journal  of  Geology,  Vol.  IX,  pp.  419,  420,  1901. 
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The  fossils  described  from  the  Portage  were  those  characteristic  of 
the  Naples  fauna  of  New  York.'  A  thickness  of  approximately  2,000 
feet  was  assigned  to  it  in  the  central  part  of  the  area  studied." 

All  strata  from  which  brachiopods  were  described  were  assigned 
to  the  Chemimg.  This  faima  was  known  to  contain  two  elements, 
one  characteristic  of  the  Ithaca  fauna  and  another  of  recognized  Che- 
mimg fades,  while  the  two  elements  were  supposed  to  be  commingled 
in  the  Chemimg  of  Maryland. 

The  Jennings,  though  comprising  diverse  elements,  was  mapped 
as  a  imit  because  it  was  deemed  impracticable  to  attempt  a  carto- 
graphic separation  of  its  members  at  that  time. 

It  appears  from  the  work  here  discussed  that  a  considerable  number 
of  the  spedes  previously  referred  to  the  Chemimg  of  Maryland  occur 
in  reality  in  the  Ithaca  fades  of  the  Portage  formation.  The  number 
of  spedes  thus  far  observed  in  it  is  not  large,  but  they  are  represented 
by  a  profusion  of  individuals. 

The  various  sections  will  be  discribed,  those  in  Washington  County 
being  first  considered,  then  those  in  Allegany  County,  adjoining  it 
on  the  west;  their  faunules  will  be  analyzed,  and  the  correlation  of  the 
faunules  with  those  of  New  York  will  be  finally  discussed. 

The  present  artide  is  a  preliminary  discussion  of  the  results 
obtained.  The  author  wishes  to  acknowledge  his  indebtedness  to 
Mr.  D.  W.  Ohem,  Fellow  in  Johns  Hopkins  University,  for  much 
assistance,  particularly  in  mapping  the  divisions  in  Allegany  County, 
and  in  the  measurement  and  detailed  study  of  a  number  of  the  sections. 

SECTIONS  IN  WASHINGTON  COUNTY 

The  Genesee  is  absent  in  Washington  County. 

Gre€U  Cacapan, — ^This  section  is  situated  north  of  the  Potomac  River 
opposite  Great  Cacapon,  West  Virginia,  8J  miles  southwest  of  Han- 
cock, Md.  The  strata  are  well  exposed  in  the  cut  of  the  Western 
Maryland  Railroad,  standing  nearly  vertical.  They  comprise  the 
Portage  and  part  of  the  Chemung.  The  base  of  the  Jennings  is  well 
marked,  on  the  east,  by  a  massive  sandstone  which  forms  the  top  of 
the  Romney,  and  which  contains  Hamilton  fossils. 

«  Journal  of  Geology ^  VoL  IX,  p.  420. 

>  Maryland  Geological  Survey^  VoL  VI,  Part  I,  p.  136,  1906. 
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The  lower  500  feet  of  the  Jennings  contains  only  species  of  the 
Naples  fauna.    These  are  especially  abundant  at  its  base  where  oaur 


various  Goniatites  together  with  species  of  the.  genera  Buchiola,  Pkro- 
chaenm,  etc.  A  brachiopod  fauna  appears  above  this.  At  520  feet 
above  the  base  of  the  Jennings  A  try  pa  reticularis  (L.)  occurs,  appar- 
ently marking  the  advent  of  the  new  fauna.    At  735  feet  altitude 
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Sckizopharia  striatula  (Schloth)  was  found,  a  species  abundant  in  the 

Ithaca  of  New  York,  and  at  785  feet  Spirifer  pennatus  var»  posterns 

HaU  and  Clarke,  was  observed. 

At  an  altitude  of  1,000  feet  a  profusion  of  individuals  was  found 

belonging  to  the  following  species: 

Spkifer  fmnaius  var.  posUrus  Hall  and  Clarke,  abundant 
ProducUUa  speciosa  Hall,  abundant 
Leiorhynchus  globtdiforme  (Vanuxem),  common 
Pugnax  pugnus  (Martin),  common 
CyrHna  hamUUmensis  Hall,  common 
Edenodesma  birostralum  Hall,  rare 

Spirifer  pennaius  var.  posierus  has  very  long  wings,  while  casts  of 
the  ventral  valves  are  without  median  septum.  Individuals  of  this 
species  are  very  abundant  and  well  characterized.  The  forms  referred 
to  ProducteUa  speciosa  possess  small  umbos,  and  have  rather  thickly 
set  spines,  with  small  bases. 

At  1,400  feet  a  conglomerate  occurs  which  contains  Camaroioechia 
congregata.  This  seems  to  be  identical  with  a  simularly  situated 
conglomerate  farther  north,  which  contains  Camaroioechia  congregata 
and  which  will  be  shown  to  be  referable  to  the  horizon-bearing  Spirifer 
mesacostalis  at  other  localities.  At  1,750  feet  above  the  base  of  the 
Jennings  Spirifer  mesastrialis  appears. 

The  faimules  occurring  between  520  and  1,000  feet  altitude  con- 
sist of  species  all  of  which  occur  in  the  Ithaca  fauna  of  New  York  or 
Pennsylvania.  Spirifer  pennatus  var.  posterns^  ProducteUa  speciosa^ 
Pugnax  pugnus  and  Schizophoria  striatula  are  characteristic  species 
of  the  Ithaca  fauna  of  New  York,  while  J.  M.  Clarke  cites  Leiorhyn- 
chus globuliforme  as  occurring  frequently  in  the  same  fauna.  Cyrtina 
hamiltonensis  and  Ectenodesma  birostratum  are  cited  by  Kindle  and 
Williams  from  the  Ithaca  fauna  at  Catawissa,  Pa.  The  entire  asso- 
ciation therefore  consists  of  species  occurring  elsewhere  in  the  Ithaca 
fauna  and  contains  no  diagnostic  Chemung  forms.  Its  position  is 
above  the  Naples  fauna  and  below  the  Spirifer  disjunctus  fauna  of 
this  section.  Thus  both  in  composition  and  position  it  appears  to  be 
referable  to  the  Ithaca  fauna. 

In  order  to  ascertain  whether  Chemung  forms  may  not  be  mingled 
with  these  species  at  other  places,  a  careful  examination  was  made  of 
similar  horizons  in  a  number  of  localities. 
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National  Road  west  of  Tonohway  Ridge. — ^The  section  is  exposed 
along  the  National  Road  east  of  the  schoolhouse.  The  strata  dip  at 
high  angles  and  are  more  or  less  complicated  by  minor  folds.  It  is 
upon  the  strike  northeast  of  the  Great  Cacapon  section. 

The  top  of  the  Romney  is  marked  by  a  massive  sandstone  which  is 
exposed  250  feet  east  of  the  schoolhouse.  GonialiUs,  Buchiola,  etc., 
occur  at  the  base  of  the  Jennings  as  in  the  preceding  section,  repre- 
senting the  Naples  faima.  At  830  feet  above  the  base  of  the  Jennings 
occur  Spirifer  pennatus  var.  posterns  Hall  and  Clarke,  Schizophoric 
striatula  (Schloth)  and  Productella  speciosa  Hall.  At  950  feet  the 
following  species  were  observed : 

Spirifer  pennatus  var.  posterus  Hall  and  Clarke,  abundant 
Pfoductdla  speciosa  Hall,  abundant 
Pugnax  pugnus  (Martin),  common 
Leiorhynchus  globtdiforme  (Vanuxem),  common 
Cyrtina  hamUUmensis  Hall,  common 

At  1,020  feet  Spirifer  pennatus  var.  posterus  aand  Productella 
speciosa  were  observed.  A  yellow  iron-stained  conglomerate  abound- 
ing in  Camarotoechia  congregata  (Conrad)  occurs  at  about  1,350  to 
1,400  feet  above  the  base  of  the  Jennings.  Red  bands  are  seen  beneath 
it.  This  conglomerate  seems  to  be  identical  with  a  similarly  situated 
conglomerate  east  of  Hancock,  which  there  contains  Spirifer  mesacos- 
talis,  Spirifer  disjunctus  and  its  associated  forms  are  found  at  still 
higher  horizons. 

The  faunules  are  thus  seen  to  be  similar  to  those  of  the  Great  Caca- 
pon section,  which  they  closely  resemble  both  in  composition  and 
altitude.  All  the  species  found  between  820  and  1,020  feet  altitude 
are  found  in  the  Ithaca  fauna  in  New  York. 

National  Road  east  of  Hancock,  Md. — ^The  section  described  is 
exposed  on  the  National  Road  beginning  just  east  of  the  village  and 
extending  eastward  to  Tonoloway  Creek.  The  top  of  the  Romney  is 
marked  by  a  heavy  sandstone  exposed  along  the  road  east  of  the 
stream,  east  of  the  CathoUc  church.  The  Naples  fauna  was  found  in 
the  lower  part  of  the  Jennings,  while  above  it  the  following  faunules 
were  collected. 

750  feet  above  the  base,  Schizophoria  striatula  (Schloth) 
looo-iioo   feet   above  the  base,  Spirifer  pennatus  var.  posterus  Hall  and 
Clarke,  abundant. 
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ProducUUa  speciosa  Hall,  abundant 
Laorhynchus  glcbuliforme  (Vanuxem),  common 
CyrHna  hamiUonensis  Hall,  common 
lAngula  spahdaia  Vanuxem  ? 
Spirifer  mesastriaUs  Hall,  rare 

The  above  faunule  suggests  that  found  at  1,000  feet  altitude  at 
Great  Cacapon.  About  1,500  feet  above  the  base  of  the  Jennings 
occurs  an  iron-stained  conglomeratic  sandstone  i  foot  thick,  loaded 
with  Camarotoechia  congregaia  (Conrad),  and  bearing  also  Catnaro- 
toechia  eximia  Hall  ?  and  Spirifer  mesacostalis  Hall.  The  latter  shows 
a  strongly  developed  median  septum  in  the  ventral  valve.  Red  bands 
appear  just  below  this  stratum,  which  seems  to  be  identical  with  the 
similarly  situated  conglomerate  already  mentioned  in  the  preceding 
section.  Tropidolepius  carincUus  Conrad  was  obtained  in  apparently 
the  same  horizon  south  of  the  Potomac  River.  About  2,100  feet 
above  the  base  of  the  Jennings  (at  the  turn  of  the  road  west  of  Tonolo- 
way  Creek)  occur: 

Spkifer  mesastrialis  Hall 
CharUes  scittdus  Hall 
AmbocoeUa  umbonata  (Conrad) 
Orihocaras  sp. 

Fifty  feet  above  the  latter  Spirifer  disjunctus  was  found. ^ 
Harrisanville  Road. — ^This  section  is  exposed  on  the  Harrisonville 
Road  two  miles  north  of  Hancock  and  one  mile  east  of  Dogtown,  Pa. 
The  lower  part  of  the  Jennings  contains  the  Naples  fauna.  Seven 
hundred  and  twenty-five  feet  above  the  base  of  the  Jennings  the  fol- 
lowing species  were  obtained  : 

Atrypa  reHcidans  (L). 
Pugnax  pugnus  (Martin). 
Schtzopharia  striattda  (Schloth). 
Camarotoechia  sp. 
Aulopora  ( ?)  sp. 

It  will  be  observed  that  the  lower  brachiopod  fauna  appears  at  about 
the  same  altitude  in  the  Great  Cacapon  section. 

MUlstane. — ^This  section  is  exposed  on  the  Western  Maryland 
Railroad  one-half  mile  east  of  Millstone,  and  five  miles  east  of  Han- 

«  This  section  is  complicated  by  minor  folds.  The  measurements  are  taken  from 
the  section  at  Berkley  Spring  which  is  on  the  strike  of  the  section  discussed  and  is 
free  from  folds. 
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cock.  West  of  a  ravine,  one-half  mfle  east  of  Millstone,  occurs  a 
massive  conglomeratic  sandstone  25  feet  thick,  bearing  die  fdlowing 
species: 

Sfkifer  mesasirialis  HaD,  common 
Ortkoiketes  ckemungemsis  (Coiinui) 
Schiiodus  gregarius  Hall  (  ?),  conmKm 

The  two  latter  species  are  pooiiy  preserved. 

Two  hundred  and  fifty  feet  above  the  preceding  occurs  a  very  thick 
and  massive  conglomerate,  while  370  feet  higher  Spinier  disjunclus 
was  observed.  A  short  distance  above  the  latter  Spirt fer  mesaslrialis 
is  abimdant. 

One  himdred  and  eighty  feet  below  the  first-named  sandstone 
Camarotoechia  cangregata  and  Spirifer  mesacostalis  occur  as  at  Han- 
cock in  an  iron-stained  stratum. 

Four  hundred  and  sixty  feet  beneath  the  Camarotoechia  cangregala 
zone  the  following  species  were  observed  : 

Spirifer  pennatus  var.  posterns  Hall  and  Garke,  abimdant 
Productdla  speciosa  Hall,  common 
Leiorhynchus  globulifortne  (Vanuxem) 
Cyrtina  hamUUmensis  Hall 

This  faunule  resembles  the  Spirijer  pennatus  var.  posterus  faunule 
of  the  preceding  sections,  both  in  position  and  composition. 

SECTIONS  IN  ALLEGANY  COUNTY 

The  sections  will  be  examined  in  their  order  from  east  to  west. 
The  Genesee  is  present  at  the  base  of  the  Jennings  in  this  county. 

Sideling  Creek, — ^The  section  is  exposed  on  the  west  bank  of 
Sideling  Creek  two  miles  above  its  confluence  with  the  Potomac. 
The  stratum  there  exposed  is  the  lowest  observed  horizon  containing 
Spirifer  mesacostalis,  Camarotoechia  congregata,  etc.  This  horizon 
is  more  or  less  conglomeratic  in  character  at  most  localities,  and  is 
believed  to  represent  the  western  extension  of  the  conglomeratic  sand- 
stone bearing  Camarotoechia  congregata  and  Spirifer  mesacostalis  in 
the  section  in  Washington  County.  It  is  highly  fossiliferous,  the  fol- 
lowing species  being  observed  in  it: 

Airy  pa  reticularis  (L.) 
Camarotoechia  congregata  (Conrad) 
Cyrtina  hamiltonensis  Hall 
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PfoduckUa  lachrymosa  Conrad 

Spkifer  mesacosiaUs  Hall 

S.  marcyi  Hall  var. 

TropidoUptus  carinaius  (Conrad) 

Goniophara  sp. 

CypricardeUa  bdlisiriala  (Conrad) 

C.  gregana  (Hall) 

NuadUes  obiangahu  Conrad 

Leptodesma  sp. 

Bdlarophon  maera  Conrad 

BdUrophon  sp. 

BdUropkan  n.  sp. 

Cydanema  cancinnum  Hall 

C.  kamUUmiae 

Coieolus  tenmcmctus  Hall 

Euomphalus  laxus  Hall 

Murchisoma  sp. 

Pleurotamaruk  Uys  Hall 

Pleurotomaria  n.  sp.  resembles  P.  r^to/ia  Hall 

Pkacops  rana  Green 

£i^  Orleans. — ^This  section  is  exposed  in  the  cut  of  the  Western 
Maryland  Railroad.  A  conglomeratic  sandstone  occurs  just  west  of 
the  tunnel,  bearing  the  following  species: 

Spirifer  mesacosUdis  Hall,  abundant 

Camarotoechia  congregaia  (Conrad),  abundant 

NuadUes  ohUmgatus  Conrad 

Ganiophora  sp. 

BeUerophon  maera  Conrad,  abundant 

BeUerophon  n.  sp.,  approaches  B,  aculUira  Hall 

Murchisonia  n.  sp.,  abundant 

The  following  species  were  found  somewhat  below  the  above  hori- 
zon, by  the  wagon  road  above  the  railroad: 
Cyrtina  hamilUmensis  Hall 
Pugnax  pugnus  (Martin) 
Spirifer  pennatus  var.  posterus  Hall  and  Clarke 
Leiarhynchus  globtdifarme  Vanuxem 
Tfopiddeptus  carituUus  (Conrad) 
ProducUUa  spedosa  Hall 
Schizophoria  striattda  (Schloth) 
Stropheodonta  demissa  Conrad 
Ectenodesma  btrostratum  Hall 
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%  sp.      On  the  eastern  limb  of  an  anticline  whc^e  axis  is 
I  following  spedes  were  observed : 

mUus  var.  posterus  Hall  and  Garke 
IS  globtdiforme  (Vasfuxem) 
mUanensis  BsJl 
a  siriaUsla  (Schloth). 

I  the  Spirifer  pennatus  var.  posterus  f aunule  of  the  pre- 

ns; 

nd. — ^An  excellent  section  is  exposed  on  the  Williams 

3j^  miles  east  of  Cumberland.    The  Genesee  occurs  at  the 

fennings,  above  which  the  Naples  fauna  was  foimd.    The 

01  of  brachiopods  observed  contained  the  following  species : 

weyi  Hall  var. 
fits  carkuUus  (Conrad) 
nUdusBBXL 
speciosa  Hall 
hiasapphoBaXii?) 

sp. 

icoskUis  was  found,  apparently  at  the  same  horizon,  a 

:e  southwest  of  this  locality.    The  Spirifer  pennatus  var. 

la  has  not  been  observed  in  this  section. 

Grave, — ^The  section  is  exposed  in  the  cuts  of  the  C.  P. 

.  R.  R.,  extending  from  the  Winchester  road  westwards. 

innings  is  abnormally  thin  in  this  section,  as  is  also  the 

"his  is  probably  due  to  compression  in  folding.    The 

I  was  foimd  near  the  base  of  the  section.    The  following 

observed  at  the  altitudes  named,  above  the  base  of  the 

ititude,  Camarotoechia  cangregata  (Conrad) 

"  ProducteUa  speciosa  Hall  ( ?) 

"  Leiorhynchus  mesacostale  Hall  ( ?) 

"  Cyrtina  hamUtonensis  Hall 

"  Pterinea  chemungensis  Conrad 

"  Spirifer  mesacosialis  Hall,  abundant 

"  Spirifer  mesacostalis  Hall,  abundant 

"  Orthothetes  chemungensis  (Conrad) 

"  Stropheodanta  {Dauvillina)  cayuta  Hall 

"  Orthothetes  chemungensis  (Conrad) 
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NuctdUes  obUmgatus  G>nrad 

PdaeaneUo  hrevis  G>nrad  ( ?) 

Belierophon  maera  G>nTad 

BdUrophon  n.  sp.,  approaches  5.  acutUira  Hall 

It  will  be  observed  that  this  faunule,  both  in  position  and  composi- 
tion, is  quite  similar  to  the  Spirifer  pentuUus  var.  posterns  faunule 
which  lies  below  the  conglomerate  in  the  Great  Cacapon  section. 

Fifleen-Mile  Creek, — ^This  section  is  seen  on  Fifteen-Mile  Creek 
one  mile  above  Little  Orleans.  A  conglomerate  is  there  exposed 
bearing  abimdant  Camarotoechia  congregata  and  Spirifer  mesacostalis. 
Three  hundred  feet  below  the  latter  the  following  species  were  obtained : 

Spirijer  pennalm  var.  posterns  Hall  and  Clarke,  abundant 

ProducteUa  speciosa  Hall 

Schizophoria  striatula  (Schloth),  common 

Cyrtina  hamilUmensis  Hall,  common 

The  relations  are  here  as  in  the  preceeding  sections. 

Polish  Mountain  near  GUpin, — ^This  section  is  exposed  along  the 
National  Road  on  the  western  flank  of  Polish  Mountain.  Black 
shales  bearing  characteristic  Genesee  fossils  occur  at  the  base  of  the 
Jennings  southwest  of  the  bridge.  The  Naples  fauna  is  foimd  in  the 
lower  part  of  the  Jennings  east  of  the  bridge.  Twelve  himdred  feet 
above  the  base  of  the  Jennings  at  the  second  turn  of  the  road  east  of 
the  bridge,  the  following  species  were  observed : 

Spirijer  mesacostalis  Hall 
Spirifer  marcyi  Hall  var. 
Tropidokptus  carinatus  (Conrad) 
Camarotoechi<i  sp. 

Fourteen  hundred  feet  above  the  base  of  this  section  Spirijer  mesa- 
cos  talis  Hall  was  observed  and  at  2,000  feet  Spirifer  disjunctns  was 
found. 

Section  east  0}  Okonoko, — ^Twelve  miles  south  of  the  preceding  sec- 
tion the  Jennings  is  admirably  exposed  in  the  vicinity  of  Okonoko,  in 
the  cuts  of  the  Western  .Maryland  Railroad,  north  of  the  Potomac 
River.  About  6,000  feet  east  of  the  canal  lock,  the  Hampshire- 
Jennings  contact  is  observed.  At  1,350  feet  below  the  top  of  the 
Jennings  occurs  a  massive  conglomerate,  20  feet  thick.  At  3,200  feet 
below  the  contact,  Spirifer  mesacostalis  was  found  associated  with 
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Camarotoechia  sp.  On  the  eastern  limb  of  an  anticline  whose  axis  is 
250  lower,  the  following  species  were  observed : 

Spirifer  pennatus  var.  posterus  Hall  and  Clarke 
Leiarhynchus  gMmliforme  (Van'uxem) 
CyrUna  hamUianensis  Hall 
Schizopharia  slriatula  (Schloth). 

This  suggests  the  Spirifer  pennatus  var.  posterus  faunule  of  the  pre- 
ceding sections; 

Cumberland, — ^An  excellent  section  is  exposed  on  the  Williams 
Road  about  3  J  miles  east  of  Cumberland.  The  Genesee  occurs  at  the 
base  of  the  Jennings,  above  which  the  Naples  fauna  was  found.  The 
lowest  horizon  of  brachiopods  observed  contained  the  following  species : 

Spirifer  marcyi  Hall  var. 
TropidokpPus  carinatus  (Conrad) 
ChmtUs  scUulus  Hall 
Productdla  speciosa  Hall 
Camarotoechia  sappho  Hall  (  ?) 
Leptodesma  sp. 
Orthoceras  sp. 

Spirifer  mesacostalis  was  found,  apparently  at  the  same  horizon,  a 
short  distance  southwest  of  this  locality.  The  Spirifer  pennatus  var. 
posterus  fauna  has  not  been  observed  in  this  section, 

Allegany  Grove. — ^The  section  is  exposed  in  the  cuts  of  the  C.  P. 
and  G.  C.  C.  R.  R.,  extending  from  the  Winchester  road  westwards. 
The  lower  Jennings  is  abnormally  thin  in  this  section,  as  is  also  the 
Romney.  This  is  probably  due  to  compression  in  folding.  The 
Naples  faima  was  found  near  the  base  of  the  section.  The  following 
species  were  observed  at  the  altitudes  named,  above  the  base  of  the 
Jennings: 

675  feet  altitude,  Camarotoechia  congregata  (Conrad) 

850  "  "  Productella  speciosa  Hani?) 

850  "  "  Leiorhynchus  mesacostale  Hall  ( ?) 

850  "  "  CyrUna  hamiltonensis  Hall 

850  "  "  Pterinea  chemungensis  Conrad 

1,100  "  "  Spirifer  mesacostalis  Hall,  abundant 

1,400  "  "  Spirifer  mesacostalis  Hall,  abundant 

1,600  "  "  Orthothetes  chemungensis  (Conrad) 

x,8oo  "  "  Siropheodonta  {DouviUina)  cayuta  Hall 

1,800  "  "  Orthothetes  chemungensis  (Conrad) 
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The  spedes  occurring  at  850  feet  altitude  are  rare  and  poorfy  i^- 
served.  In  position  and  composition  they  seem  to  be  referable  to  the 
Sfirifer  pennaius  var.  posierus  fauna  which  would  appear  to  be  very 
slightly  developed  here.  Spirifer  disjunctus  occurs  at  1,300  feet  above 
the  base  of  the  Jennings  at  EUerslie,  six  miles  northeast  on  the  strike 
of  the  preceding  section. 

ANALYSIS  OF  FAUNAS 

An  examination  of  the  preceding  lists  shows  that  certain  faunas 
may  be  discriminated  in  the  Upper  Devonian  of  Maryland,  which  are 

TABLE  I 
Species  Observed  in  the  Spirifer  pefmaims  vax.  pasterns  Fauna 


OOCUUUMCB  III 

Waw^flf^^ 

Povtafe 

NtmYoA 

Fiaqrlfuk 

Atrvna  rrticularis  (L,^,  r. 

* 
* 

* 

* 

* 

♦  • 

C.gLvnsLTCiic^C'hitL  rnnorrMrata  fConr&dV  r 

Cvrtina  hainiltonpn.si»  Hall.  c. 

Leiorhynchus  globiiliforme  (Vanuxem),  c 

Lciorhynchus  mesacostale  Hall|  rr 

LiriEula  spatulata  Vanuxenii  r 

Productella  speciosa  Hall,  a 

Pugnax  pugnus  (Martin),  c 

SchizoDhoria  striatula  rSchlothV  c. 

Spirifer  mcsastriaUs  Hall,  rr 

Spirifer  pennatus  var.  postenis  Hall  &  Clarke,  a 

Stronheodonta  demissa  Conrad,  r 

Tropedoleptus  carinatus  Conrad,  r 

Nuculus  0  }longatus  Conrad,  r 

Palaeoneilo  brevis  Hall  f  ?^.  r 

Ectenodesma  birostratum  Hall,  c 

Pterinea  chemungensis  Conrad,  rr 

Belleroohon  sd..  r 

Bellerophon  n.  sp.,  r 

Bellerophon  maera  Conrad 

* 

Bellerophon  n.  sp.  approaches  B.  acutilira  Hall 

well  characterized  both  by  their  composition  and  position, 
be  designated  as  follows: 

Spirifer  disjunctus  fauna 
Spirifer  mesacoskUis  fauna 
Spirifer  pennaius  var.  posterus  fauna 
Naples  fauna 
Genesee  fauna 


They  may 
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These  faunas  are  to  be  traced  throughout  most  of  the  area  discussed. 
Their  relations  are  indicated  upon  the  accompanying  chart.  Their 
constancy  of  composition,  shown  by  their  predominating  species,  and 
their  occurrence  at  the  same  relative  position  in  the  various  sections, 
seem  to  indicate  that  they  are  recognizable  units,  and  that  they  pre- 
serve their  integrity  throughout  the  area  discussed.  If  we  assume  that 
the  species  occurring  in  the  same  relative  position  in  the  various  sec- 
tions belong  to  one  fauna,  the  lists  in  Tables  I  and  II  may  be  taken  as 

TABLE  n 
Species  Observed  in  the  Spirifer  mesacoskUis  Faxtna 


OccmtKnicx  m 


Hamilton 


Portage 


NewYoik    P'^lvania 


Atrypa  reticularis  (L.),  r 

Camarotoechia  congregata  (Conrad),  aa 

Camarotoechia  ezimia  Hall,  r 

Camarotoechia  sappho  Hall  (  ?),  r 

Cvrtina  hamiltonensis  Hall,  c 

Chonetus  sdtulus  Hall 

Productella  lachrymosa  (Conrad),  a 

lingula  sp 

Spirifer  mesacostalis  Hall,  aa 

Spirifer  marcyi  Hall  var 

Tropidoleptus  carinatus  (Conrad),  aa 

Goniophora  glaucus  Hall 

Goniophora  sp 

Goniophora  n.  sp 

Cypricardella  bellistriata  (Conrad) 

Qrpricardella  gregaria  (Hall) 

Nuoilites  oblongatus  Conrad 

Leptodesma  sp 

Bellerophon  maera  Conrad 

Bellerophon  sp 

Bellerophon  n.  sp 

Bellerophon  n.  sp,  approaches  B.  acutilira  Hidl 

Cydonema  concumum  Hall 

Qrclonema  hamiUoiiJae  Hall 

Coleolus  tenuidnctus  Hall 

Euomphalus  laxus  Hall 

Murrnisonia  sp 

Murchisonia  n.  sp 

Pleorotomaria  ttys  Hall 

Pleurotomaria  n.  sp.  resembles  P.  rotalia  Hall. . 

Plat3rceras  sp 

Platyceras  n.  sp 

Orthoceras  sp 

Trochoceras  n.  sp 

Phacops  rana  Green 

Bryozoa,  a  species 
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indicating  all  the  species  thus  far  observed  in  each  fauna.    (Only  those 
occurring  in  the  three  lower  brachiopod  faunas  will  be  cited  here.)" 

CORRELATION  OF  THE  FAUNAS 

We  may  now  examine  the  problem  of  the  correlation  of  the  Upper 
Devonian  faimas  of  Maryland  with  those  of  New  York  and  Penn- 
sylvania by  the  use  of  the  data  given  above. 

Genesee  Fauna. — ^The  Genesee  of  Maryland,  as  has  been  shown 
by  earlier  students  of  the  problem,  bears  a  fauna  very  similar  to 
that  of  the  Genesee  of  New  York  which  it  also  resembles  in  thinning 
out  and  disappearing  toward  the  east. 

Naples  fauna. — ^Above  the  Genesee,  in  the  western  sections,  or  im- 
mediately overlying  the  Hamilton,  in  the  eastern  sections,  are  smooth 
fissile  shales  and  interbedded  sandstones  carrying  GoniatiteSy  Buchiokf 
Pierochaenia,  etc.,  as  in  the  Naples  fauna  of  New  York.  These  strata 
are  about  700  feet  thick  in  the  Allegany  Grove  Section.  They  increase 
considerably  in  thickness  in  the  vicinity  of  Ciunberland,  and  thin  to 
about  500  feet  in  the  eastern  sections.  The  correlation  of  this  division 
has  been  previously  discussed  by  Professor  Prosser*  who  assigned  to  it 
a  thickness  of  about  2,000  feet  in  the  central  part  of  the  area.^ 

Spirijer  pennaius  var.  posterus  fauna. — ^This  fauna  occurs  imme- 
diately above  the  Naples  fauna.  It  is  of  wide  extent  and  is  especially 
developed  in  the  eastern  sections.  It  is  characterized  by  the  abun- 
dance of  Spirifer  pennatus  var.  posterus,  Productella  speciosa,  Pugnax 
pugnuSy  Cyriina  hamiltonensis,  Schizophoria  siriatula,  and  Leiorhyn- 
chus  globuliforme  at  most  of  its  localities.  The  complete  list  of  species 
observed  in  it  is  given  on  a  preceding  page.  Of  these,  five,  Spirifer 
pennatus  var.  posterus,  Productella  speciosa,  Tropidoleptus  carinatus, 
Cyrtina  Jiamiltonensis,  Spirifer  mesastrialis,  and  Leiorhynchus  mesa- 
costale  are  placed  by  Williams'*  among  the  dominant  species  of  the 
Ithaca  fauna,  which  he  has  named  the  Productella  speciosa  fauna, 
while  Pugnax  pugnus  and  Schizophoria  striatula  are  also  prominent 
members  of  that  fauna.    Leiorhynchus  globuliforme  is  also  quoted  by 

«  The  new  species  here  cited  will  be  described  later  in  the  Report  on  the  Devonian 
of  Maryland,  to  be  issued  by  the  Maryland  Geological  Survey. 
»  Journal  of  Geology^  Vol.  IX,  pp.  419,  420,  1901. 

3  Maryland  Geology  Survey ^'Vo\.  VI,  Part  I.,  p.  136,  1906. 

4  Bulletin  of  the  U.  S.  Geological  Survey,  No.  210,  p.  74,  1903. 
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Clarke'  as  frequently  present  in  it  in  New  York.  It  contains  one 
species,  Pterinea  chemungensis,  which  is  stated  by  Williams  to  be  char- 
acteristic of  the  Chemung  of  New  York.*  This  species  is,  however, 
cited  from  the  Ithaca  of  New  York  by  Clarke^  and  is  quoted  by  Wil- 
liams and  Kindle^  in  what  they  regard  as  the  Ithaca  fauna  in  the  Cata- 
wissa.  Pa.,  fauna.  The  occurrence  of  this  species  therefore  does  not 
seem  suflScient  to  determine  the  Chemung  age  of  the  fauna.  All  the 
species  contained  in  the  list,  save  one,  are  found  in  the  Ithaca  fauna 
of  New  York,^  and  that  exception,  Ecienodesma  birostratum,  is  found 
in  the  Ithaca  fauna  in  the  section  at  Catawissa,  Pa.^  These  facts 
would  seem  to  indicate  the  Ithaca  age  of  this  faima. 

It  is  interesting  to  note  that  Ectenodesma  hirostratum  and  Pterinea 
chemungensis  are  restricted  to  the  upper  zone  of  the  Ithaca  fauna  of 
the  Catawissa  section,  and  are  also  restricted  to  the  upper  zone  of  the 
fauna  in  Maryland.  Indeed,  there  are  numerous  resemblances 
between  the  upper  horizons  of  the  two  sections. 

There  is  also  a  resemblance  between  this  faima  and  the  Leiorhyn- 
chus  globuliforme  fauna  found  above  the  Oneonta  sandstone  of  New 
York,  as  shown  by  the  following  list  of  species  of  brachiopods  occur- 
ring at  Cowles  Hill,  Greene,  New  York.^ 

Alrypa  reUcuhris 

Schizophoria  impressa  (  -^5.  Striatula) 

Leiorhynchus  globuliforme 

Spirifer  mucroruUus  ( '^pennatus)  var. 

Productdla  speciosa 

Siropheodonta  demissa 

Spirifer  laevis 

Cyrtina  recta 

Leptostrophia  mucronata 

The  resemblance  is  very  close.  It  will  be  noted  that  Spirifer  laevis  is 
quoted  by  Kindle  and  WilUams  from  the  upper  zone  of  the  Ithaca 

X  lihaca  Fauna  of  CerUral  New  York,  Bulletin  82,  N.  Y.  State  Mus.,  p.  64,  1905. 
«  Journal  of  Geology,  Vol.  XV,  p.  98,  1907. 
s  Bulletin  82,  N.  Y.  State  Museum,  p.  62,  1905. 

4  Bulletin  of  the  U,  S.  Geological  Survey,  No.  244,  p.  77,  1905. 

5  Bulletin  82,  N.  Y.  State  Mus.,  pp.  61-65,  1905. 

6  Kindle  and  Williams,  Bulletin  of  the  U.  S.  Geological  Survey^  No.  244,  p.  77, 
1905- 

7  4Qth  Ann,  Repu  for  1895,  N.  Y.  State  Museum,  Vol.  II,  pp.  36-38,  1898. 
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fauna  at  Catawissa,  Pa.    Clarke'  and  Prosser*  refer  the  Cowles  Hill 
fauna  to  the  Chemung,  Williams  to  the  Ithaca. 

Spirifer  tnesacoskUis  fauna. — ^This  fauna  occurs  above  the  preced- 
ing and  is  present  throughout  the  entire  area.  Its  dominant  forms  are 
Tropidoleptus  carinatus,  Spirifer  tnesacoskUis,  Spirifer  marcyi  and 
many  gastropods.  The  Ust  of  species  observed  is  given  on  a  pre- 
ceding page.  Many  of  these  have  marked  Hamilton  affinities.  This 
is  especially  true  of  the  dominant  brachiopods  which  indude: 

Tropidckptus  carinatus  (Conrad) 

Camarotoechia  cangregata  (Conrad) 

Spirifer  mesacostalis  Hall  (cf .  S,  consobrinus  of  the  Hamilton) 

Spirifer  marcyi  Hall  var. 

CyrHna  hamUUmensis  Hall 

Goniophora  glaucus  Hall,  ColeoUis  tenuicincUis  Hall,  and  Phacops 
rana  are  also  suggestive  of  Hamilton  affinities.  One  species,  Pro- 
ductella  lachrymosa  is  quoted  by  Williams*  as  diagnostic  of  the  Che- 
mung in  the  Watkins,  New  York,  quadrangle.  Qarke,  however, 
quotes  it  as  of  frequent  occurrence  in  the  Ithaca  further  east.*  All  of 
the  forms  specifically  determined,  save  Cyclonema  concinnum,  are 
found  in  the  Ithaca  fauna.*  These  facts  seem  sufficient  to  refer  this 
fauna  to  the  Portage  formation.  In  certain  respects  it  resembles  the 
Enfield  fauna  of  Williams  which,  according  to  him,  lies  in  the  Nunda 
above  the  Ithaca  and  below  the  Chemung  in  the  Watkins  quadrangle. 
The  following  species  of  the  above  list  are  quoted  by  him  as  character- 
istic of  that  horizon:  Tropidoleptus  carinatus,  Spirifer  marcyi,  Dd- 
thyrus  mesacostalis,  and  numerous  gastropods.^  It  will  be  noted  that 
this  fauna  occupies  a  similar  position  in  Maryland. 

Spirifer  disjunctus  fauna, — The  lowest  observed  occurrence  of 
Spirifer  disjunctus  is  in  general  400-700  feet  above  the  base  of  the 
Spirifer  mesacostalis  fauna.  With  it  are  associated  Douvillina  cayula 
and  Camarotoechia  contracta,  which  have  not  been  observed  in  the 
preceding  faunas.  Spirifer  mesastrialis  is  also  abundant  in  the  faima 
while  it  has  been  observed  but  rarely  at  lower  horizons  in  Maryland. 

«  4Qth  Ann.  Rept.,  for  1895,  N.  Y.  State  Museum,  Vol.  II,  p.  39,  1898. 
a  Ihid.y  p.  165. 

3  Journal  of  Geology,  Vol.  XV,  p.  98,  1907. 

4  Bulletin  82,  N.  Y.  State  Museum,  p.  64,  1905.  s  /Mti.,  pp.  61-6$. 
6  Journal  of  Geology^  VoL  XV,  p.  109,  1907. 
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It  is  very  difficult  to  determine  this  horizon  when  the  brachiopod 
fades  of  the  Portage  immediately  underlies  the  Chemimg.  Of  the 
New  York  section  Clarke  remarks  'It  is  extraordinarily  difficult  to 
fix  on  a  division  plane  between  the  Ithaca  and  the  overl3ring  Chemung 
faunas."'  If  this  be  true  in  New  York,  it  must  be  still  more  true 
when  an  attempt  is  made  to  correlate  that  section  with  those  of  other 
states,  and  the  results  attained  must  be  open  to  revision  as  fuller  inves- 
tigations give  increased  data.  Nevertheless,  it  seems  reasonably 
probable  from  the  preceding  studies,  that  the  horizon  in  question  is  to 
be  placed  between  the  strata  bearing  the  Spirijer  disjunctus  and 
Spifijer  mesacostalis  faunas,  giving  the  following  succession: 

Qiemung,  Spirifer  disjunctus  fauna 

!  Spinier  mesacostalis  fauna 
Spirifer  pennatus  var.  posterus  fauna 
Naples  fauna 
Genesee,  Black  shales  with  Buchiola  fauna 

Lithologically  the  horizon  is  not  well  defined,  the  conditions  vary- 
ing at  diflFerent  locahties.  In  general  the  Portage  is  characterized  by 
smooth  fissile  shales  and  interbedded  sandstones  and  the  Chemung 
by  a  larger  percentage  of  sandstones,  while  its  shales  are  softer  and 
break  with  a  hackly  fracture.  The  transition  from  Portage  to  Che- 
mimg is  however  not  sharply  defined  by  any  lithological  features. 

GENERAL  RELATIONS 

Certain  general  facts  seem  to  harmonize  with  those  of  New  York. 

1.  The  general  succession  of  forms  seems  to  be  that  of  New  York. 
At  the  base  occurs  the  Genesee  thinning  eastward,  followed  by  the 
Naples  fauna  of  the  Portage.  Above  the  latter  is  found  Spirifer 
pennatus  var.  posterus,  succeeded  by  Spirifer  mesacostalis,  and  finally 
by  Spirifer  disjunctus. 

2.  There  is  a  greater  development  of  the  Naples  fauna  in  the  west 
and  of  the  Ithaca  fauna  in  the  east. 

3.  The  shore  line  was  probably  eastward  as  indicated  by  the  fact 
that  there  is  a  marked  development  of  conglomerates  eastward,  as  at 
Millstone.  These  diminish  toward  the  west  where  the  lower  Jennings 
is  largely  composed  of  argillaceous  shales,  as  at  Allegany  Grove. 

«  Memoir  6,  N.  Y.  State  Museum,  p.  213,  1904. 
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TABLE  in 

Upper  Devonian  Faxtnas  of  Maryland 

The  numbers  on  accompanying  chart  indicate  the  fossils  of  subjoined  list.  Only 
forms  specifically  identified  isom  the  brachiopod  faima  of  the  middle  and  lower  Jen- 
nings are  recorded. 


Hamil- 
ton 


POITAOB 


New 
York 


Penns]^- 
vania 


POKTAOK 
OB 

Hamzl- 

TON 


I. 
a. 
3- 
4. 
S- 
6. 

7- 
8. 

9- 
xo. 

II. 

12. 

»3- 

14. 

15. 
16. 

17- 
18. 

»9- 
20. 
21. 
22. 
23- 
24. 

26. 

27. 
28. 

29- 

30- 
31- 
3^ 
33- 
34. 
35- 
36. 

il- 

39. 


Atrypa  reticularis  (L.) 

Camaroto(x:hia  congregata  (Conrad) 

Camarotoechia  eximia  Hall 

Camarotoechia  sappho  Hall  (  ?) 

Chonetes  sdtulus  Hall 

Cyrtina  hamHtonensb  Hall 

Leiorhynchus  globuliforme  (Vanuzem) 

Leiorhynchus  mesacostale  Hall 

Lingula  spatulata  Vanuzem 

Productella  lachrymosa  (Conrad) 

Productella  speciosa  Hall 

Pugnax  pugnus  (Martin) 

Scmzophona  striatata  (Schloth) 

Spiiifer  marc3d  Hall  var 

Spirifer  mesacostalis  Hall 

Spirifer.mesastrialis  Hall 

Spirifer  pennatus  var.  posterns  Hall  &  Clarke 

Stropheodonta  demissa  Conrad 

Tro^doleptus  carinatus  (Conrad) 

Cypricardella  bellistriata  (Conrad) 

C3rpricardella  gregaria  (Hall) 

Ectenodesma  birostratum  Hall 

Goniophora  glaucus  Hall 

Nucuhtes  oblongatus  Conrad 

Palaeoneilo  brevis  Hall  ? 

Pterinea  chemungensis  Conrad 

Bellerophon  maera  Conrad 

Cydonema  condnnum  Hall  ? 

Cydonema  hamiltoniae  Hall 

Euomphalus  lazus  Hall 

Pleurotomaria  itys  Hall 

Coleolus  tenuidnctus  Hall , 

Phacops  rana  Green , 

Ambocoelia  imibonata  (Conrad) 

Dalmanella  tioga  Hall 

Douvillina  cayuta  Hall  &  Clarke 

Orthothetes  chemiingensis  (Conrad) 

Schizodus  ^regarius  Hall 

Spirifer  disjunctus  Sowerby 


* 
* 
* 
* 


? 


* 

* 
* 

* 
* 

* 
* 
* 

* 
* 
* 
* 

* 
* 


4.  An  interesting  additional  feature  is  that  there  is  an  earUer  devel- 
opment of  red  beds  in  the  eastern  sections.  Red  strata  appear  below 
the  top  of  the  Portage  in  the  east,  but  become  marked  only  toward  the 
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dose  of  the  Chemung  in  the  western  sections,  a  fact  noted  by  earlier 
investigators  of  the  Jennings. 

5.  The  Chemung  closes  with  the  incoming  of  the  nearly  imfossilif- 
erous  red  strata  of  the  Hampshire,  which  are  similar  to  those  of  the 
Catskill  of  New  York. 

The  facts  given  indicate  that  the  Ithaca  fauna  extends  southward 
into  Maryland,  and  that  there  was  a  general  agreement  in  many  of 
the  conditions  in  New  York  and  Maryland  in  Portage  and  Chemung 
time. 


ANCIENT  WATER-PLANES  AND  CRUSTAL 
DEFORMATION 


H.  H.  ROBINSON 
Yale  University,  New  Haven,  Conn. 


In  a  recent  bulletin  of  the  Wisconsin  Geological  Survey,*  Gold- 
thwait  has  presented  the  results  of  an  interesting  study  of  the  strands 
of  the  ancient  Great  Lakes  as  they  occur  in  eastern  Wisconsin.  The 
field-work  is  much  more  detailed  and  accurate  than  the  average,  and 
the  success  in  reconstructing  the  complex  series  of  shore-lines  of  Lake 
Algonquin,  in  the  region  studied,  is  largely  the  result  of  using  a  wye 
level,  instead  of  a  hand  level,  or  aneroid  barometer,  in  determining 
the  heights  of  the  ancient  beaches  and  terraces  above  the  present  lake 
level  as  a  datum  plane. 

By  far  the  greater  part  of  the  report  is  devoted  to  the  descriptions 
of  the  old  shore-lines  and  a  review  of  previous  work.  And  the  con- 
clusions on  p.  42  bear  only  on  the  history  of  the  ancient  Great  Lakes. 
In  chap,  iv,  however,  the  author  takes  up  the  question  of  the  deforma- 
tion of  the  Great  Lakes  region  and  presents  a  new  h)rpothesis  as  to  the 
character  of  the  crustal  movements  which  have  deformed  the  ancient 
shore-lines. 

The  hypothesis  in  brief  is:  that  tilting  of  the  earth's  crust  took 
place  on  the  north  side  of  axes  which  moved  northward  at  intervals, 
resulting  in  the  originally  horizontal  Algonquin  beach-lines  being 
given  a  broken  profile  with  progressively  steeper  slopes  northward. 
The  movement  was  such  as  to  tilt  the  siurface  of  any  block  without 
warping.  The  idea  expressed,  it  will  be  seen,  is  more  definite  than  that 
of  the  older  hypothesis  of  "differential  warping"  and  may  be  spoken 
of  as  "differential  tilting." 

In  this  article  it  is  desired  to  analyze  the  data  upon  which  these 
hypotheses  rest  in  order  to  form  some  idea  as  to  their  probable  error, 
and  also  to  compare  the  two  hypotheses  in  order  to  see  which  is  the 

«  J.  W.  Goldthwait,  "The  Abandoned  Shore-Lines  of  Eastern  Wisconsin,"  Wis- 
consin Geological  and  National  History  Survey,  Bull.  No.  XVII,  Sci.  Ser.,  No.  5,  1907. 
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more  probable.  The  resuk  will  show  that  both  hj-potheses  are 
equally  probable,  but  as  that  of  di£ferential  waqniig  involves  simpler 
assumptions,  it  is  considered  preferable  in  our  {Hesent  state  of  knowl- 
edge concerning  the  subject. 

As  ideas  in  regard  to  the  character  of  crustal  movements  in  the 
Great  Lakes  region  are  based  upon  the  water-planes  reconstructed 
from  observations  upon  the  beaches,  terraces,  and  other  shore-line 
featiuies  of  the  ancient  Great  Lakes,  it  seems  advisable  first  to  consider 
the  several  errors  that  may  enter  into  the  determination  of  the  posi- 
tion of  such  water-planes.  These  errors  have  been  recognized  for 
many  years,  and  statements  respecting  most  of  them  may  be  found  in 
various  reports  dealing  with  both  the  ancient  and  modem  Great  Lakes. 
They  have  not,  however,  been  collected  in  any  one  article,  so  far  as 
the  re\iewer  knows.  It  seems  appropriate,  therefore,  to  bring  them 
together  and  point  out  the  limitations  they  impose  upon  the  correla- 
tion of  old  shore-lines  and  the  deductions  that  may  be  drawn  from 
reconstructed  water-planes  in  regard  to  the  character  of  the  deforma- 
tion of  the  Great  Lakes  region,  especially  as  work  in  this  field  is  now 
being  placed  upon  a  more  accurate  and  refined  basis. 

The  errors  that  enter  into  the  determination  of  the  height  of  the 
ancient  beaches,  etc.,  above  the  present  lake  levels — the  datum  planes — 
need  only  brief  consideration,  since  with  proper  care  they  may  be 
practically  eliminated.  The  principal  ones  are,  perhaps,  those  con- 
nected with  the  measurements  of  heights,  seasonal  fluctuations  of  the 
lake  level,  and  changes  in  level  by  winds  and  waves.  The  first  one 
can  only  be  reduced  to  a  negligible  quantity  by  the  use  of  a  wye  level, 
the  instrument  adopted  by  Spencer,  Lawson,  Upham,  and  CJoldthw  ait 
in  their  work.  The  second  may  be  eliminated  by  applying  to  the 
altitude  determinations  a  correction  obtained  from  a  continuous 
record  of  the  fluctuation  of  the  lake  level,  a  correction  that  was  applied 
by  Goldthwait.  The  last  two  errors  appear  rather  troublesome,  though 
they  may  be  largely  eliminated  by  restricting  work  to  calm  days.  To 
do  this,  however,  might  often  prove  inconvenient,  and  it  may  be 
assumed  that  an  error  of  from  i  to  2  feet'  may  arise  from  these  causes. 

The  more  important  errors  are  connected  with  the  location  of 
water-planes  with  respect  to  ancient  beaches  and  terraces,  with  the 

«  Goldthwait,  op.  cU.,  p.  100. 
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former  larger  fluctuations  in  water-levels,  and  with  other  points  that 
will  be  taken  up  in  categorical  order. 

1.  The  exact  position  of  an  old  water-plane  is  very  difficult  to 
determine  because  of  its  variable  relation  to  diflferent  beaches,  ter- 
races, and  other  shore  forms.  The  conmion  practice  has  been  to  take 
the  top  of  a  beach  ridge  as  fixing  the  position  of  the  old  water-plane, 
"although  it  is  of  course  recognized  that  the  beach  ridge  probably 
stood  anjrwhere  from  3  to  6  feet  above  the  actual  water-plane."*  If 
in  the  case  of  a  true  beach  ridge  the  actual  water-plane  will  average 
3  feet  below  the  top  of  the  ridge,  elevations  should  be  corrected  by 
this  amount  in  order  to  bring  them  as  near  the  true  water-plane  as 
possible.  If  observations  were  entirely  upon  beaches  this  correction 
would  be  a  constant  and  might  be  omitted  in  considering  the  rela- 
tive displacements  suflfered  by  the  shore-lines.  But  as  they  are  also 
made  upon  terraces,  spits,  and  bars,  which  require  different  assump- 
tions in  regard  to  the  height  of  the  water-plane,  the  above  correction 
should  be  applied,  otherwise  the  observations  are  not  comparable 
within  the  assiuned  limit  of  3  feet.  In  the  case  of  a  cut  terrace  the 
foot  of  the  bluflf  is  taken  as  fixing  the  position  of  the  water-plane, 
although  the  true  water-plane  may  have  been  as  much  as  2  feet  either 
above  or  below  that  point.  Where  a  terrace  is  cut  in  unconsolidated 
material  the  actual  water-plane  would  in  most  instances  be  above 
the  foot  of  the  bluflf  and  a  correction  might  be  applied  to  allow  for 
this.  Where  terraces  are  cut  in  rock  its  location  would  depend  upon 
the  character  and  dip  of  the  strata.  In  this  instance  a  close  study  of 
present  conditions  might  furnish  a  correction  that  could  be  applied 
in  certain  cases  at  least. 

2.  The  variability  in  the  position  of  a  beach  ridge  with  respect  to 
the  water-plane  may  particularly  be  noted.  While  a  ** normal" 
beach  may  be  3  feet  above  the  surface  of  the  water,  storm  beaches  as 
much  as  6  feet  above  the  lake  level  may  be  considered  as  common, 
and  a  few  have  been  reported  at  still  higher  elevations.  Unless  such 
beaches  are  situated  so  that  their  true  nature  can  be  recognized  by 
comparison  with  neighboring  shore-line  features,  they  may  introduce 
serious  errors.  One  will  be  noted  in  the  next  paragraph.  Storm 
beaches  are  formed,  of  course,  only  on  the  exposed  parts  of  the  shore- 

I  Goldthwait,  op,  cit.,  p.  100. 
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line  and  evidently  vary  in  height  on  the  shores  of  different  lakes. 
The  configuration  of  the  shore  and  its  relation  to  the  direction  of 
storms  exercise  a  great  influence  on  the  height  of  such  beaches,  and 
many  interesting  observations  have  been  made  on  this  point/ 
Lawson  states'  that  on  the  north  shore  of  Lake  Superior  he  measured 
crests  of  living  beaches  facing  the  open  lake  at  all  elevations  between 
9  and  14  feet  above  calm  water,  while  in  less  exposed  parts  of  the 
shore  they  did  not  usually  exceed  6  feet  in  height.  CJoldthwait,^  for 
the  western  shore  of  Lake  Michigan,  sets  the  upper  limit  at  6  feet,  and 
in  one  instance  possibly  at  8  or  9  feet.  A  correction  should  be  applied 
to  Lawson*s  figures,  at  least,  to  allow  for  the  drop  in  the  lake  level 
from  the  high-water  stage  of  1886  to  the  1891  stage  on  which  his 
observations  were  based.  This  correction  may  be  taken  at  2  feet,  so 
that  the  figiures  read  7,  12,  and  4  feet,  respectively.  The  error  intro- 
duced by  the  variable  position  of  a  beach  may  be  placed  at  4  feet, 
allowance  being  made  for  the  3-foot  correction  above  noted. 

3.  Cyclic  fluctuations  in  water-level  of  the  ancient  lakes,  due  to 
short  climatic  variations,  no  doubt  occurred  as  they  do  in  the  present 
lakes.  The  Milwaukee  (Wis.)  record  shows  an  average  change  of  i .  5 
feet  in  the  level  of  Lake  Michigan  from  summer  to  winter.  Lane  says: 
"The  water-level  of  the  lakes  at  those  (former)  times  undoubtedly 
varied  from  year  to  year  and  from  month  to  month  as  it  does  now, 
probably  in  even  more  marked  degree,  as  the  cold  of  winter  would 
have  even  more  effect  in  checking  the  flow  of  water  from  the  ice  sheet  ;'** 
while  Upham  states:  ** Fluctuations  of  the  lake  level  (in  Lake  Agas- 
siz),  which  doubtless  rose  in  summer  a  few  feet  higher  than  in  winter 
because  of  variations  in  the  volume  of  water  supplied,  have  given  a 
variability  within  the  Umits  generally  5  feet  and  perhaps  sometimes 
8  or  10  feet  apart  to  the  heights  of  the  lake  and  of  its  shore  deposits 

>  Chas.  Whittlesey,  "Fluctuations  in  the  Level  of  the  North  American  Lakes." 
Smithsonian  Contributions  to  Knowledge.  Vol.  XII;  A.  J.  Henry,  "Wind  Velocity 
and  Fluctuations  of  Water  Level  on  Lake  Erie,"  U,  S.  Weather  Bureau,  Bull.  J.,  1902. 

a  A.  C.  Lawson,  '*  Coastal  Topography  of  the  North  Side  of  Lake  Superior," 
Geological  and  National  History  Survey  of  Minnesota,  Twentieth  Annual  Report, 
p.  231. 

3  Personal  communication. 

4  A.  C.  Lane,  "  Geological  Report  on  Huron  County,  Michigan,"  Geological  Survey 
ol  Michigan,  Vol.  VII,  Pi.  II,  p.  65. 
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in  different  stages."'  Much  more  important,  however,  are  the 
changes  in  level  that  occur  over  a  period  of  years  rather  than  months. 
The  record  of  the  fluctuations  of  lakes  Michigan  and  Huron  from  the 
year  1800  to  1899'  is  most  instructive  upon  this  point.  The  maxi- 
mum change  of  level  shown  is  6  feet,  while  the  average  fluctuation 
between  successive  high  and  low  stages,  for  all  changes  over  i  foot,  is 
about  2.5  feet.  What  then  is  the  true  water-level?  The  question 
has  a  very  direct  bearing  on  the  problem  of  fixing  the  position  of  the 
water-planes  of  the  glacial  Great  Lakes  from  observations  upon  their 
shore-lines,  since  one  beach  formed  in  one  decade  might  well  be 
several  feet  higher  or  lower  than  a  second  constructed  at  another 
point  in  a  following  decade.  Lane  has  noted  the  effect  of  such  fluctua- 
tions in  speaking  of  a  14-foot  beach  ridge  in  Huron  County,  Michigan. 
He  says:  "The  water-line  probably  lay  a  little  lower,  at  10  or  11  feet 
above  the  582-foot  datmn  (the  present  lake  level),  at  a  time  perhaps 

within  range  of  tradition The  high  water-line  of  1886  is  well 

marked  in  a  crest  from  4  to  7  feet  above  the  present  lake  level."^ 
The  idea  naturally  suggests  itself  that  a  reconstructed  water-plane, 
when  drawn  on  a  large  enough  scale,  instead  of  being  represented  as  a 
angle  line,  should  be  shown  as  a  zone  of  such  a  width  as  would  take 
account  of  these  changes  of  level. 

As  an  extreme  case,  it  may  be  supposed  that  at  a  time  of  maximum 
high  water  a  storm  beach  was  built  up  6  feet  above  the  water-level, 
while  at  a  time  of  low  water  a  terrace  was  cut  2  feet  below  the  lake 
level.  There  would  be  a  difference  of  14  feet  (8  in  beach  and  terrace 
+6  in  water-level)  between  the  two,  yet  they  would  belong  to  the 
same  period  and  might  have  been  formed  within  25  years  of  each 
other.  Such  an  explanation  may  account  for  the  discrepancy  (of 
10  or  12  feet)  between  a  cut  terrace  and  bowlder  beach  on  the  north 
shore  of  Lake  Superior  which  Taylor  believed  belonged  to  the  same 
shore-line.  He  says:  "Measurements  of  the  same  shore-line  often 
vary  7  or  8  feet,  sometimes  more,  from  this  cause  "^  (one  measure- 

«  W.  Upham,  "The  Glacial  Lake  Agassiz,"  U.  S.  Geological  Survey ,  Monograph 

•  Lane,  op,  cU.,  Plate  V.  3  Qp.  cit.,  p.  76. 

4  F.  B.  Taylor,  "The  Nipissing  Beach  on  the  North  Superior  Shore,"  American 
Geologist,  Vol.  XV  (1895),  p.  307. 
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ment  on  a  beach,  the  other  on  a  terrace).  Such  discrepancies  as  just 
noted  may  give  rise  to  large  errors  (50  per  cent,  or  more)  in  the  calcu- 
lated gradient  of  a  shore-line  when  the  distance  between  the  two  points 
of  observation  is  short.  These  larger  fluctuations  in  water-level  would 
prove  especially  troublesome  where  strong  cutting  or  filling  was  occur- 
ring. When  the  water-plane  is  gradually  dropping  a  blurring  of 
shore  forms  frequently  results,  although  this  is  not  always  the  case  as 
Goldthwait's  profile  at  Jacksonport  shows.*  On  the  other  hand,  if 
the  water-level  remained  constant  for  several  years  a  well-marked 
terrace  might  easily  be  cut  or  a  strong  beach  built,  while  with  a  drop 
to  a  new  level,  at  which  the  water  might  again  stand  for  some  time,  a 
second  terrace  or  beach  might  be  formed.  As  the  record  shows, 
differences  of  2  or  3  feet  would  be  conmion  between  such  terraces  and 
beaches.  It  seems  difl&cult  to  escape  the  conclusion  that  a  source  of 
error  in  the  reconstruction  of  water-planes  exists  here  that  cannot  be 
eliminated.  It  may  range  from  o  to  6  and  possibly  a  larger  number 
of  feet. 

4.  The  quotation  from  Taylor,  above  given,  raises  the  question 
whether  the  level  of  a  water-plane  can  be  judged  more  closely  from 
cut  terraces  or  beaches.  From  the  fact  that  beaches  show  such  wide 
variations  in  position  with  respect  to  the  water-plane,  it  would  seem 
probable  that  terraces  furnished  the  best  guide.  Upham  has  stated: 
"  Cliffs  eroded  by  the  lake  waves  give  more  definitely  the  plane  of  the 
water  surface"'  than  beaches.  This  applies,  however,  only  where 
the  forms  are  well  preserved.  When  they  are  not  well  preserved,  it 
seems  likely  that  a  beach  would  be  a  better  guide  than  a  terrace,  since 
the  original  surface  of  a  terrace  is  more  liable  to  become  obscured 
than  that  of  a  beach.  This  brings  up  the  point  that  both  beaches 
and  terraces  in  time  become  more  or  less  eroded  and  covered  with 
vegetation,  thus  making  it  difficult  to  tell  just  what  point  should  be 
chosen  in  measuring  their  elevations,  and  leading  to  uncertainty  in 
correlation.  Lawson  has  said,  in  speaking  of  a  certain  locality  on  the 
north  shore  of  Lake  Superior,  that  "a  series  of  terraces  can  be  seen 
scoring  the  hills  to  the  north  at  a  distance  of  probably  a  little  more 
than  a  mile  and  a  half  at  the  farthest.  An  effort  was  made  to  locate 
these  terraces  by  running  a  line  of  levels  from  the  railway,  but  this 

I  Op.  cil.,  p.  76.  *  Op.  ciU,  p.  277. 
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met  only  with  partial  success.  The  terraces  which  appeared  so  sharp 
and  unequivocal  from  the  railway  station  lost  their  character  when 
approached  closely,  and  could  be  recognized  as  terraces  only  with 
considerable  doubt."*  What  error  may  be  introduced  through  the 
alteration  of  original  forms  is  difficult,  perhaps,  to  say.  In  the  case 
of  beaches  it  would  be  small  as  compared  with  that  resulting  from  the 
variable  height  of  a  beach  above  the  water-level.  For  terraces  the 
error  would  generally  be  somewhat  greater,  since  the  base  of  a  bluff  is 
frequently  obscured  by  talus,  wash,  etc.  An  error  of  i  foot  may  be 
assumed  as  due  to  this  cause. 

It  will  be  recognized,  of  course,  that  observations  in  the  field,  that 
is,  our  so-called  geologic  facts,  vary  greatly  in  value,  and  in  any 
refined  work  should  be  weighted  accordingly.  Observations  on  the 
ancient  shore-lines,  however,  serve  two  purposes.  The  first  is  to 
imravel  the  history  of  the  glacial  Great  Lakes  and  as  continuous 
tracing  of  shore-lines  is  a  very  important  part  of  this  work,  observa- 
tions should  be  as  numerous  as  possible.  The  second  is  to  determine 
the  character  of  crustal  movements  in  the  Great  Lakes  region.  This 
is  a  different  problem  and  the  value  of  results  depends  upon  the  prob- 
able error  of  observation.  In  refined  work  this  error  should  be  reduced 
to  a  minimum,  for  which  reason  it  would  seem  advisable  to  use,  if 
possible,  only  those  observations  that  have  small  errors. 
.  5.  Progressive  climatic  changes  over  long  periods  of  time  may 
also  have  produced  important  variations  in  the  water-levels  of  the 
lakes.  That  such  climatic  changes  occurred  may  reasonably  be 
inferred  from  the  pronoimced  movements  of  the  continental  ice  sheet 
during  that  period.  This  factor  may  well  have  been  of  considerable 
importance,  but  is  at  present  imdeterminable.  It  is  simply  presented 
as  one  of  the  unknown  factors  in  the  problem  of  the  history  of  the 
ancient  Great  Lakes  which  might  alter  conclusions  were  its  value 
known. 

6.  Secular  changes  in  the  water-level  due  to  (i)  show  crustal  move- 
ments, and  (2)  changes  produced  by  erosion  in  the  elevation  of  outlets 
are  to  be  noted.  Errors  arising  from  these  sources  may  eventually  be 
eliminated — ^when  the  history  of  the  ancient  lakes  has  been  worked 
out  in  fuller  detail.    Attention,  however,  may  be  called  to  one  condi- 

«  Op,  cil.t  p.  263. 
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tion  which  must  be  taken  into  account,  namely,  the  gradual  lowering 
of  the  water-level  from  one  stage  to  another.  The  condition  is  similar 
to  that  described  imder  (3),  but  is  of  greater  magnitude.  It  necessi- 
tates representing  the  water-planes  as  zones  of  such  a  width  as  will 
include  these  variations  in  water-level. 

7.  Variations  in  the  elevations  of  the  old  shore-lines  would  result 
from  deformation  of  the  water-level  induced  by  local  attraction  of  the 
ice  sheet.  The  error  introduced  is  small,  though  it  would  have  to  be 
taken  into  account  in  any  consideration  of  the  old  shore-lines  as  a 
whole.  For  small  areas,  presumably  remote  from  the  ice  sheet,  it  may 
be  neglected. 

It  will  be  seen  from  the  foregoing  that  there  are  several  noticeable 
errors  connected  with  the  location  of  a  water-plane  with  respect  to 
ancient  shore-lines.  A  calculation,  which  takes  account  of  only  the 
more  important  errors,  gives  the  probable  error  of  observation  as  ±  i .  5 
feet,  the  limit  of  error  10  feet. 

While  these  errors  aflfect  to  some  extent  the  correlation  of  a  series 
of  ancient  beaches,  terraces,  and  related  shore  forms,  it  is  desired  to 
point  out  here  the  influence  they  have  upon  conclusions,  based  on  the 
present  attitude  of  the  reconstructed  water-planes,  as  to  the  character 
of  the  crustal  movements  in  the  Great  Lakes  region.  This  may  be 
illustrated  by  fitting  curves  of  different  kinds  to  Goldthwait's  ver\'' 
complete  set  of  observations  as  they  are  plotted  on  Plate  XXXVII  of 
his  report. 

We  may  consider  first  that  portion  of  the  profile  extending  from 
Rock  Island  to  Jacksonport,  a  distance  of  35  miles,  since  this  is  the 
stretch  in  which  the  several  ancient  water-planes  have  been  individu- 
ally distinguished.  For  the  sake  of  simplicity  a  straight  line  may  be 
drawn  through  each  of  the  series  of  observations  representing  the  four 
water-planes  A,A\By  and  C  The  deviations  of  all  points  of  observa- 
tion in  each  scries  from  its  respective  straight  line  may  then  be 
measured,  and  likewise  from  the  broken  lines  as  drawn  by  CJold- 
thwait.     The  results  are  as  follows: 

Average  deviation  of  all  sure  points  from  straight  lines  — i  .4  feet. 

"     ii    a        a        u      broken    "     -i.i     " 

Maximum  deviation  of  any  sure  point  from  straight  "     —4.0     " 

a  a    ii      «      a        "    bioken  "     -4.0    " 
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Both  the  average  and  the  maximum  deviation  in  each  case  are 
within  the  probable  error  of  observation  and  the  limit  of  error  respec- 
tively, so  that  the  difference  of  0.30  foot  in  favor  of  the  broken  lines 
possesses  no  significance.  It  may  be  shown  likewise  that  a  curved 
line  would  fit  the  observed  points  with  no  greater  error  than  noted 
above. 

The  certain  conclusion  is  reached,  then,  that  either  a  straight,  a 
curved,  or  a  broken  line  may  be  drawn  through  the  points  of  observa- 
tion with  equal  accuracy,  and  that,  consequentiy,  in  this  distance  of 
35  miles  the  present  attitude  of  the  old  shore-lines  may  be  the  result 
either  of  a  uniform  tilting,  a  differential  warping,  or  a  differential  tilting 
of  the  earth's  crust. 

It  may  be  said,  however,  that  a  distance  of  35  miles  is  too  short  for 
a  test  of  this  character.  We  may  consider,  then,  the  entire  length  of 
the  profile  from  Rock  Island  to  Two  Rivers,  a  distance  of  about  100 
miles.  In  so  doing  the  conclusion  that  the  Algonquin  beaches  encircle 
the  southern  half  of  Lake  Michigan  as  the  "Toleston''  beach,  instead 
of  descending  beneath  the  level  of  the  lake  somewhere  north  of  Two 
Rivers,  will  be  assumed  as  correct. 

The  first  thing  to  be  noted  is  that  a  straight  line  cannot  be  drawn 
through  the  points  of  observation  without  far  exceeding  the  probable 
error  of  observation.  The  h)rpothesis  of  imiform  tilting,  therefore, 
drops  out.  It  appears  possible,  however,  to  fit  a  curve.  For  the  sake 
of  simplicity  a  circular  curve,  with  a  radius  of  approximately  11.75 
feet,  may  be  drawn  through  the  points  of  observation  as  plotted  on 
Goldthwait's  profile,  and  the  deviations  of  the  points  measured.  The 
results  are  as  follows:  Average  deviation  of  all  sure  points =1 . 2  feet; 
maximum  deviation  of  any  sure  point  =3  feet.  The  deviations  of  all 
the  observed  points  from  the  broken  profile  of  Goldthwait  were  not 
measured  for  the  entire  length  of  the  profile,  since  it  was  evident  that 
they  would  be  essentially  the  same  as  measured  for  the  profile  from 
Rock  Island  to  Jacksonport,  namely,  i .  i  and  4.0  feet  respectively. 

The  conclusion  may  be  stated,  then,  that  the  Algonquin  shore- 
line for  the  whole  length  of  the  profile,  about  100  miles,  furnishes  no 
evidence  in  favor  of  the  h)rpothesis  of  differential  tilting  over  the  older 
one  of  diflEerential  warping;  both  are  equally  probable  so  far  as  the 
observations  go.    The  h)rpothesis  of  differential  warping,  however. 
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involves  a  simpler  assumption  respecting  the  distribution  of  g 
within  the  earth's  crust,  and  for  this  reason  should  be  considere 
erable  to  the  hj^thesis  of  differential  tilting. 

If  earth  movements  in  the  Great  Lakes  region  had  beet 
instead  of  small,  and  the  errors  in  the  water-plane  determii 
small  instead  of  greatj  the  character  of  the  crtistal  deformations 
well  be  ascertained ;  but  on  tlie  contrar^^  we  find  the  probable  c 
observation  so  larger-it  is  expressed  in  feet,  rather  than  tens  of 
in  inches— that  it  leads  to  the  impression  that  but  little  refinen 
the  old  idea  of  diflferentlal  warping  is  posdble  on  the  basis 
ancient  shore-lines  alone. 


NOTICE  OF  A  NEW  COELACANTH  FISH  FROM  THE  IOWA 
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CHARLES  R.  EASTMAN 
Harvard  University 


The  family  of  Coelacanth  ("  hollow  spined ")  ganoids,  first  pro- 
posed by  Agassiz  in  1844,  and  subsequently  emended  by  Huxley 
in  two  important  memoirs  of  the  Geological  Survey  of  the  United 
Kingdom  (Decades  X  and  XII) ,  is  at  present  understood  as  comprising 
not  more  than  six  satisfactorily  known  genera,  among  which  Coela- 
canthus  itself,  Macropoma,  and  Undina  are  of  paramount  importance. 
The  first-named  of  these,  which  is  t)rpical  of  the  family  and  likewise 
of  the  group  Actinistia,  enjoys  the  truly  remarkable  geological  range 
from  the  Upper  Devonian  to  the  close  of  the  Paleozoic,  or,  if  the 
e\'idence  of  certain  doubtful  indications  be  accepted,  possibly  even 
higher;  the  remaining  genera  continue  throughout  the  Mesozoic, 
and  exhibit  such  constancy  of  structural  characters  as  to  render 
the  family  one  of  the  most  compact  and  well  defined  in  the  animal 
kingdom. 

Attention  has  frequently  been  called  to  the  extraordinary  conserva- 
tism and  persistency  mahitained  by  the  group  throughout  an  unusually 
long  life-period.  Its  singular  history  impressed  both  of  the  distin- 
guished naturalists  to  whom  we  owe  our  principal  knowledge  of  the 
family,  Huxley's  views  upon  the  matter  being  thus  stated  by  him: 

Bearing  in  mind  the  range  of  the  G>elacanths  from  the  Carboniferous  [since 
ascertained  to  extend  from  the  Devonian]  to  the  Chalk  formations  inclusive,  the 
uniformity  of  organization  of  the  group  appears  something  wonderful.  I  have 
no  evidence  as  to  the  structure  of  the  base  and  side-walls  of  the  skull  in  Coelacan- 
thus,  but  the  data  collected  together  in  the  present  Decade  shows  that,  in  every 
other  particular  save  the  ornamentation  of  the  fin-rays  and  scales,  the  organization 
of  the  Coelacanths  has  remained  stationary  from  their  first  recorded  appearance 
to  their  exit.  They  are  remarkable  examples  of  what  I  have  called  elsewhere 
"persistent  types,"  and  like  the  Labyrinthodonts,  assist  in  bridging  over  the  gap 
between  the  Paleozoic  and  the  Mesozoic  faunae.' 

«  Mem,  Geol.  Surv.  United  Kingdom,  Decade  XII  (1866);  reprinted  in  the  supple- 
mentary volume  of  the  Scientific  Memoirs  of  T.  H.  Huxley  (1903),  p.  65. 
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The  earliest  known  representative  of  the  family  is  a  small  form 
occurring  in  the  lower  part  of  the  Upper  Devonian  near  Gerolstein, 
in  the  Eifel  District,  first  described  by  A.  von  Koenen'  in  1895,  and 
referred  by  him  with  some  hesitation  to  Holoptychius,  but  afterward 
recognized  by  Smith  Woodward'  as  an  undoubted  Coelacanth,  and 
transferred  by  him  to  the  typical  genus.  Prior  to  this  discover)'  the 
opinion  had  been  generally  entertained  that,  owing  to  the  sudden 
appearance  of  Coelacanth  fishes  in  a  complete  state  of  development 
in  the  Calciferous  sandstones  of  Scotland,  it  was  necessary  to  postulate 
the  existence  of  their  ancestors  during  the  Devonian,  notwithstanding 
their  apparent  failure  to  be  preserved  in  both  Europe  and  North 
America.  In  fact,  the  oldest  remains  of  Coelacanth  fishes  hitherto 
found  in  this  countr>'  are  in  strata  of  Coal  Measure  Age,  and  the  few 
species  that  are  known  are  poorly  or  at  best  indifferently  preserved. 
Under  these  circumstances  it  is  interesting  to  record  the  discovery, 
made  by  Dr.  Stuart  Weller  a  few  years  ago,  of  an  unusually  perfect 
example  of  Coelacanthus  from  the  very  base  of  the  Mississippian 
series  near  Burlington,  Iowa.  The  exact  horizon  whence  the  specimen 
was  obtained  is  the  blue  shale  bed  forming  the  basal  member  of  the 
Kinderhook  limestone,  and  designated  as  No.  i  in  the  local  section 
whose  fauna  is  analyzed  by  Dr.  Weller  in  Vol.  X  of  the  Iowa  Geological 
Survey  Reports  (p.  69  ff.).  In  recognition  of  the  important  results 
achieved  by  the  author  of  Kinderhook  Faunal  Studies^  and  also  as  a 
testimonial  of  personal  regard,  we  have  pleasiure  in  presenting  the 
following  description  under  a  specific  title  dedicated  in  his  honor.  It 
should  be  stated  that  the  holotype  is  preserved  in  the  Walker  Museum 
of  the  University  of  Chicago,  and  for  the  privilege  of  studying  it  in 
behalf  of  the  Iowa  Geological  Survey  the  writer  desires  to  express 
here  his  indebtedness  to  Dr.  Weller. 

Coelacanthus  welleri,  sp.  nov. 

Holot}T3e,  a  somewhat  imperfect  fish,  the  total  length  of  which  to 
the  base  of  the  caudal  fin  is  about  19^"*,  or  a  little  more  than  three 
times  the  length  of  the  head  with  opercular  apparatus.    Trunk 

»  A.  Von  Koenen,  "  Ueber  cinige  Fischreste  des  norddeutschen  irnd  bdhmischen 
Devons,"  Ahhandl  k.  Ges.  Wiss.  Gottingen,  phys.  CI.    (1895),  Vol.  XL,  p.  38. 

a  A.  S.  Woodward,  "Note  on  a  Devonian  Coelacanth  Fish,"  Gwl.  Mag.  (1898), 
Dec.  4,  Vol.  V,  p.  529. 
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robust,  its  maximum  depth  twice  as  great  as  that  of  the  caudal  pedicle. 
Anal  and  paired  fins  situated  as  in  the  t3rpical  species  (C.  granulaius 
Ag.)',  the  greater  part  of  the  caudal  and  both  dorsals  not  preserved. 
Operculum  and  cheek-plates  ornamented  with  numerous  fine  antero- 
posteriorly  directed  spiniform  ridges,  their  position  being  indicated 
in  the  worn  condition  by  faint  tubercles.  Scales  ornamented  with 
numerous  fine  raised  lines  of  ganoine,  more  or  less  continuous  and 
rectilinear  in  arrangement,  but  when  worn  assuming  the  appearance 
of  elongated  tubercles.  Lateral  line  scales  with  prominent  raised 
tubules  directed  parallel  with  the  body  axis. 

The  characters  serving  chiefly  to  distinguish  the  present  form 
from  other  species  may  be  enumerated  as  follows:  (i)  The  delicate 
spiniform  ornamentation  of  the  operculum  and  cheek-plates,  together 
with  the  form  and  disposition  of  the  latter;  (2)  the  peculiar  form  of 
the  mandibular  ramus;  (3)  details  of  superficial  scale  ornament;  and 
(4)  prominence  of  the  lateral  line  canal.  Owing  to  the  defective 
preservation  of  most  of  the  fin  structures,  it  is  impossible  to  say  in 
what  respects,  if  any,  these  diflfer  from  the  prevailing  type.  The 
cranial  structure,  however,  offers  a  number  of  interesting  points  of 
comparison  with  other  forms,  as  will  be  immediately  pointed  out. 
Be  it  noted  in  passing  that  the  totality  of  characters  by  no  means 
indicates  a  primitive  forerunner  of  the  family,  but  on  the  contrar}' 
bespeaks  a  typical  Coelacanth  as  completely  developed  as  any  subse- 
quent form  with  which  we  are  acquainted.  In  this  respect  the  Kinder- 
hook  species  resembles  the  only  well  known  British  Coelacanth  of  an 
age  anterior  to  the  Coal  Measures,  namely  C.  huxleyi,  from  the 
Calcifcrous  sandstones  of  southern  Scotland. 

With  reference  to  the  skull  it  is  to  be  noted  that  the  cranial  roofing- 
bones  are  missing  in  the  type  specimen,  and  that  a  portion  of  the  head 
in  advance  of  the  orbits  has  been  fractured  in  such  manner  as  to  strip 
off  the  maxillary  and  other  facial  elements,  at  the  same  time  exposing 
the  anterior  spatulatc  portion  of  the  parasphenoid,  together  with  the 
steeply  inclined  triangular  palatine  plates  that  abut  against  it  on 
either  side.  The  inferior  border  of  the  palatines,  parasphenoid  and 
vomer  appears  to  have  suffered  somewhat  from  chemical  corrosion, 
in  consequence  of  which  no  indications  of  teeth  are  anywhere  visible. 
Possibly  for  the  same  reason  no  teeth  are  to  be  observed  along  the 
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margin  of  the  lower  jaw,  nor  lying  free  in  the  matrix,  in  case  any  had 
been  broken  away. 

The  mandibular  ramus  of  the  right  side  is  well  displayed,  and  the 
dentary  is  seen  to  have  been  retained  in  union  with  its  fellow  of  the 
left  side  at  the  symphysis.  The  articulo-angular  element  is  long, 
narrow  in  front,  its  superior  border  rising  into  a  small  median  and  a 
large  posterior  elevation,  between  which  is  a  deep  concavity;  and 
its  inferior  border  is  nearly  rectilinear.  The  superficial  ornament  of 
this  piece  has  become  well-nigh  obliterated  by  weathering  or  abrasion, 
and  of  the  two  gular  plates  lying  immediately  imderneath,  nothing 
remains  but  an  impression  of  their  inner  surfaces. 

A  notable  peculiarity  of  the  form  under  discussion  consists  in  the 
arrangement  of  cheek-plates  immediately  in  advance  of  the  operculum. 
In  all  other  Coelacanths,  so  far  as  known,  two  subequal  postorbital 
plates  are  placed  one  above  the  other  in  the  space  between  the  orbit 
and  operctdum,  their  position  being  such  as  to  exclude  from  contact 
with  the  latter  the  small  triangular  plate  called  "post maxillary"  by 
Huxley.  The  present  species,  however,  has  all  three  of  these  cheek- 
plates  situated  in  vertical  series,  one  overlapping  the  other  from  above 
downwards,  and  each  of  them  overlapping  the  anterior  border  of  the 
operculum.  The  lowermost  cheek-plate,  which  corresponds  to  the 
so-called  "postmaxillary"  of  Huxley,  terminates  below  at  a  depth 
equal  to  that  of  the  inferior  border  of  the  operculum,  and  its  super- 
ficies covers  the  space  immediately  behind  the  inflected  portion  of 
the  artictdo-angular  element  of  the  lower  jaw.  Its  antero-superior 
margin  is  apposed  to  the  strongly  arched  and  apparently  semicircular 
suborbital  element,  of  which  only  a  small  segment  happens  to  have 
been  preserved. 

No  indications  are  to  be  observed  in  the  type  specimen  of  a  scle- 
rotic ring,  although  one  may  be  inferred  to  have  been  present  as  in  other 
known  Coelacanths.  Neither  is  there  any  external  indication  of  the 
presence  of  an  ossified  air-bladder,  peculiar  to  members  of  this  family. 
The  caudal,  anal,  and  pelvic  fins  are  too  imperfectly  preserved  for 
description,  and  the  pectoral  pair  is  entirely  wanting.  On  the  other 
hand  the  squamation  is  admirably  displayed,  especially  in  the  posterior 
part  of  the  tnmk,  where  the  fine  longitudinal  ridges  of  ganoine  and 
concentric  growth-lines  are  pyritized.     The  lateral  line  is  rendered 
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conspicuous  by  a  single  large  raised  tubule  of  ganoine  extending  in 
a  horizontal  direction  for  nearly  the  total  length  of  each  scale  in  this 
row.  The  general  appearance  and  some  of  the  details  of  surface 
ornament  of  the  type  specimen  are  shown  in  the  accompanying 
photographic  illustration,  which  we  owe  to  the  kindness  of  Dr. 
Weller. 
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Introduction 

It  has  been  seen  that  climate  exerts  a  primary  control,  only  sub- 
ordinate to  topography,  upon  the  rate  and  character  of  erosion  on 
he  one  hand  and  on  the  other  upon  the  chemical,  structural,  and 
organic  characteristics  developed  in  subaerial  sedimentation.  Between 
rosion  and  sedimentation  intervenes  transportation  and  the  ques- 
ions  arise:  To  what  extent  is  the  carrying  power  of  rivers  dependent 
ipon  climate?  To  what  degree  may  the  ordinary  stratigraphic 
extural  variations  between  succeeding  strata  of  clay,  sand,  and  gravel 
le  due  not  only  to  shiftings  of  currents  and  tectonic  movements,  but 
a  climatic  variations  as  well  ? 

In  a  general  way  the  influence  of  climate  upon  erosion  and  upon 
deposition  is  readily  recognized  and  upon  closer  examination  the 
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effects,  as  previously  shown,  aie  seen  to  be  largely  distinct  from  those 
which  the  topographic  conditions  alone  can  produce*    The  deternai- 
nation  of  the  lithologic  characters  due  to  the  climatic  conditions  of 
erosion  and  of  deposition  constittjte  therefore  tvvo  more  or  less  inde- 
pendent lines  of  evidence  as  to  the  climatic  conditions  of  origin.    With 
transportation,  however,  it  is  different.    Any  particular  capacit)-  for 
transportation  is  conditioned  upon  topography  as  well  as  climate 
and  any  change  in  the  size  or  quantity  of  the  material  transported, 
even  if  due  to  climatic  change,  may  conceivably  be  due  also  either 
to  a  lateral  shifting  of  river  currents,  if  on  a  small  scale,  or  to  some 
crustal  movement  if  the  changes  occur  on  a  greater.    The  proof  of 
the  climatic  change  must,  therefore,  depend  primarily  upon  the 
nature  of  the  erosion  and  deposition,  but  it  will  be  argued  in  the 
course  of  this  article  that  great  climatic  changes  may  result  in  traBS- 
portative  variations  of  such  magnitude  that  the  results  become  the 
most  pronounced  of  the  three  divisions  of  climatic  influence  upon 
flu\iatile  sedimentation,  and  have  sometimes  been  ascribed  to  tec- 
tonic revolutions. 

For  these  reasons  (because  of  the  dependence  of  the  proof  of  the 
climatic  change  upon  the  initial  and  final  conditions  of  sedimentation, 
and  also  because  of  Ihe  great  importance  of  such  climatic  change 
upon  the  power  of  transportation,  and  the  resulting  coarseness  and 
thickness  of  the  formation)  this  middle  factor  in  the  conditions 
governing  fluviatile  sedimentation  is  treated  the  last  of  the  three  and 
not  in  what  at  first  sight  might  appear  to  be  its  more  logical  position. 

Effects  of  Stream  Transportation 
laboratory  experiments  and  laws  of  river  action 
The  eflect  of  transportation  upon  both  the  chemical  and  mechan- 
ical character  of  the  material  has  been  studied  experimentally  by 
Daubr€e'  who  found  upon  submitting  fresh  and  angular  fragments 
of  feldspar  to  prolonged  trituration  in  the  presence  of  distilled  water 
that  a  very  notable  degree  of  decomposition  was  effected,  as  was 
shown  by  the  presence  in  the  water  of  silicate  of  potash  which  rendered 
the  water  alkaline.'     The  recent  work  of  Cushman  and  Hubbard 

^  GSoiagk  expirimettiak  (1879),  pp.  248-88. 
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irther  shows  that  the  decomposition  occurring  while  undergoing 
brasion  due  to  movement  in  water  takes  place  under  exceptionally 
avorable  circumstances,  since  if  the  initial  film  of  decomposition  is 
lot  continually  removed  the  action  of  the  water  rapidly  slows  down;* 
nd  furthermore  that  the  water  alone,  where  the  clogging  films  are 
ontinually  removed,  is  well  able  thoroughly  to  decompose  feldspar 
nthout  the  intervention  of  acid."  To  the  extent  then  to  which 
nechanical  abrasion  occurs  during  river  transportation  decomposition 
s  also  favored  and  takes  place  at  a  vastly  more  rapid  rate  than  in  the 
lormal  weathering,  which  however  persists  through  a  far  longer  time 
vhile  the  material,  owing  to  the  lowering  of  the  surface  of  erosion,  is 
wissing  from  the  solid  rock  through  the  zone  of  soil.  As  to  the 
nechanical  effects: 

In  the  series  of  experiments  already  referred  to,  Professor  Daubrde  made 
ragments  of  granite  and  quartz  to  slide  over  each  other  in  a  hollow  cylinder 
MLTtially  filled  with  water,  and  rotating  on  its  axis  with  a  mean  velocity  of  0.80 
o  I  metre  in  a  second.  He  found  that  after  the  first  25  kilometres  (about  15J 
English  miles)  the  angular  fragemnts  of  granite  had  lost  1^0  of  their  weight  while 
n  the  same  distance  fragments  already  well  rounded  had  not  lost  more  than  ^ijf 
o  liv.  The  fragments  rounded  by  this  journey  of  25  kilometres  in  a  cylinder 
»uld  not  be  distinguished  either  in  form  or  in  general  aspect  from  the  natural 
letritus  of  a  river-bed.  A  second  product  of  these  experiments  was  an  extremely 
inc  impalpable  mud,  which  remained  suspended  in  the  water  several  days  after 
he  cessation  of  the  movement.  During  the  production  of  this  fine  sediment,  the 
rater,  even  though  cold,  was  found  in  a  day  or  two  to  have  acted  chemically  upon 
he  granite  fragments.  After  a  journey  of  160  kilometres,  3  kilogrammes  (about 
)J  lb.  avoirdupois)  yielded  3.3  grammes  (about  50  grains)  of  soluble  salts,  con- 
isting  chiefly  of  silicate  of  potash.  A  third  product  was  an  extremely  fine 
ingular  sand  consisting  almost  wholly  of  quartz,  with  scarcely  any  feldspar, 
learly  the  whole  of  the  latter  mineral  having  passed  into  the  state  of  clay.  The 
and-grains,  as  they  are  continually  pushed  onward  over  each  other  upon  the 
lottom  of  a  river,  become  rounded  as  the  larger  pebbles  do.  But  a  limit  is  placed 
o  this  attrition  by  the  size  and  specific  gravity  of  the  grains.  As  a  rule,  the  smaller 
^articles  suffer  proportionately  less  loss  than  the  larger,  since  the  friction  on  the 
lottom  varies  directly  as  the  weight  and  therefore  as  the  cube  of  the  diameter, 
rhilc  the  surface  exposed  to  attrition  varies  as  the  square  of  the  diameter.  Mr. 
Jorby,  in  calling  attention  to  this  relation,  remarks  that  a  grain  A  of  an  inch  in 
liameter  would  be  worn  ten  times  as  much  as  one  i^o  of  an  inch  in  diameter,  and 

«  **The  Decomposition  of  the  Feldspars,"  U.  S.  Dept.  of  Agriculture^  Office  of 
^uhlic  Roads,  Bull.  No,  28,  1907,  p.  10. 
»  Op.  cU.,  p.  14- 
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a  pd>l>le  I  inch  m  diameter  wouki  be  worn  reUdvdy  more  by  being  drifted  a 
few  hundred  yards  than  a  sand-grain  tAt  of  an  inch  in  diameter  would  be  by 
being  drifted  for  a  hundred  miles.  So  long  as  partides  are  borne  along  in  sus- 
pension, they  will  not  abrade  each  other,  but  remain  angular.  Professor  Daubr6e 
found  that  the  milky  tint  of  the  Rhine  at  Strasburg  in  the  months  of  July  and 
August  i(*as  due,  not  to  mud,  but  to  a  fine  angular  sand  (with  grains  about  Vo 
millimetre  in  diameter)  which  constitutes  thiVvt  of  the  total  wei^t  of  water. 
Yet  this  sand  had  travelled  in  a  rapidly  flowing,  tumultuous  river  from  the  Swiss 
mountains,  and  had  been  tossed  over  waterfaUs  and  n^ids  in  its  journey.  He 
ascertained  also  that  sand-grains  with  a  mean  diameter  of  iV  nmi.  will  float  in 
feebly  agitated  water;  so  that  all  sand  of  finer  grain  must  remain  angular.  The 
same  obsen-er  noticed  that  sand  composed  of  grains  with  a  mean  diameter  of 
}  mm.  and  carried  along  by  water  moving  at  a  rate  of  i  metre  per  second  is 
roimded,  and  loses  about  rvlrf  of  its  wei^t  in  every  kilometre  travelled. < 

It  is  to  be  concluded  from  these  statements  that  long  transportation 
by  reducing  the  size  of  the  coarser  fragments  amd  dissolving  much 
of  the  soluble  matter  tends  to  cause  the  jj^^^al  derived  from  moun- 
tainous regions  or  sub-arid  climates  finaIi|^^^proach  the  chemical 
and  mechanical  nature  of  the  waste  deriraBfcmtopographically 
gentler  or  climatically  more  humid  regions.  Tms^^clusion  is  con- 
firmed by  observation  of  the  beds  of  rivers.  ^^^ 

Walther  shows  that  the  large  rivers  carry  ver>'  different  sediment 
in  the  ditlereni  portions  of  their  courses. 

In  the  upper  course  the  deposits  show  a  complete  assemblage  of  all  kinds  of 
rocks  and  minerals  found  within  the  reach  of  the  river  system.  In  the  middle 
course  the  pebbles  disappear,  but  the  sand  is  stiU  of  various  kinds  and  contains 
besides  the  original  constituents,  contributions  from  the  neighboring  streams. 
The  first  materials  to  disappear  are  those  minerals  soluble  or  readily  disintegrated, 
but  hanlness  is  also  important  in  exercising  a  selective  action,  since  in  the  rubbing 
of  stones  together  the  softer  are  soon  destroyed.  In  the  upper  course  of  the  Avisio 
a  great  quantity  of  limestone  pebbles  may  be  detected  between  blocks  of  porphvTy 
and  syenite.  In  the  lower  valley,  however,  the  limestone  pebbles  completely 
disappear  and  the  eruptive  rocks  increase  relatively  in  niunber.  Consequently 
in  the  erosion  of  a  mountain  consisting  of  a  schistose  formation  containing  second- 
ary quartz  veins  the  entire  matrix  may  by  the  transportation  be  transformed  into 
fine  day  and  the  quartz  pebbles  alone  remain  as  the  indestructible  residue.* 

Walther  further  states  that 
it  may  be  directly  observed  upon  the  bed  of  the  Rhine  that  sand  and  small  frag- 
ments will  be  moved  fon\ards  several  decimeters  while  a  larger  fragment  lying 

»  A.  Geikie,  Textbook  oj  Geologyy  1903,  pp.  496,  497. 

a  Translated  from  Einleitung  in  die  Geologic  (1893-94),  p.  758. 
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in  the  same  place  will  only  be  moved  a  few  centimeters  and  therefore  remains 
behind.  Such  miceasingly  repeated  shoving  must  necessarily  lead  to  a  classifi- 
cation along  the  stream  course  of  the  rolled  material  according  to  its  size.  So 
soon  as  the  volume  of  a  stream  is  altered  through  climatic  change  or  tectonic  move- 
ment the  boundaries  are  inunediately  shifted  to  which  large  or  small  pebbles, 
sand,  or  day  are  carried  and  laid  down.' 

Chamberlin  and  Salisbury"  state  that: 

Under  certain  circumstances,  a  stream  may  overload  itself.  Thus  if  a  stream 
loaded  with  coarse  detritus  reaches  a  portion  of  its  valley  where  fine  material  is 
accessible  in  abimdance,  some  of  the  velocity  which  is  helping  to  carry  the  coarse 
may  be  used  in  picking  up  and  carrying  the  fine.  This  reduces  the  velocity  and 
since  the  stream  already  had  all  the  coarse  material  it  could  carry,  reduction  of 
vebdty  must  result  in  deposition.  It  follows  that  when  a  stream  fully  loaded 
with  coarse  material  picks  up  fine,  it  becomes  overloaded,  so  jar  as  the  coarse 
material  is  concerned. 

DISCUSSION  OF  THE  DATA  REGARDING  RIVER  TRANSPORTATION 

Preliminary  inductions. — From  the  preceding  experiments,  obser- 
vations, and  well-fomided  conclusions  on  the  characteristics  of  river 
action  the  following  inductions  may  be  drawn. 

First,  the  coarse  material  is  not  usually  sufficiently  strong  or  hard 
to  stand  long  transportation  by  rivers,  quartz,  chert,  or  quartzite 
most  effectively  resisting  the  wear  and  alone  being  able  to  withstand 
transportation  for  distances  of  a  hundred  miles  or  more.  It  has 
sometimes  been  stated  that  the  composition  of  a  conglomerate  of 
vein-quartz  and  quartzite  pebbles  indicates  the  erosion  of  a  deeply 
and  thoroughly  decayed  regolith,  all  but  these  constituents  having 
been  previously  destroyed  by  weathering  in  situ.  It  is  seen,  however, 
that  such  a  hypothesis  is  not  necessary,  since,  if  rivers  existed  suflB- 
dently  strong  in  current  to  sweep  pebbles  long  distances^  the  quartz 
and  quartzite  would  alone  survive. 

Second,  rivers  normally  carry  a  large  amount  of  finer  material 
and  a  small  amount  of  coarser,  due  to  the  disintegration  and  decompo- 
sition of  the  rock  before  it  reaches  the  river,  as  well  as  the  inherent 
weakness  of  the  partially  decomposed  material  which  does  reach  the 
river  in  fragments.  This  loading  up  with  fine  material  results  in  a 
lagging  behind  of  the  coarser  more  than  if  the  fine  was  not  present. 

« Op.  cU.,  pp.  644, 645- 

» Geology  (i904)>  Vol.  I,  pp.  169,  170. 
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At  times  when  for  any  reason,  for  example  a  climatic  change,  the  fine 
material  becomes  deficient  or  the  river  volume  becomes  augmented, 
the  river  \\*ith  the  same  grade  may  pick  up  the  coarse  material  pre- 
\*iously  laid  down  and  transport  it  with  comparative  rapidity  to  a 
lower  jx)rtion  of  its  course. 

Third,  DaubrA?  showed  that  upon  revolving  coarse  and  fine  rock 
material  in  a  barrel  the  coarser  fragments,  after  being  rounded,  are 
reduced  in  size  ver\'  slowly,  so  that  a  journey  of  several  hundred  miles 
would  be  Required  to  reduce  a  pebble  of  2  inches  in  diameter  to  i  inch 
diameter.  This  may  seem  at  first  thought  contradictory  to  the  obser- 
vations on  river  transportation,  but  the  explanation  is  doubtless  as 
follows: — The  material  which  is  of  such  a  size  that  the  current,  which 
is  already  partially  loaded  with  finer  detritus,  is  just  able  to  move  it, 
is  only  movt^  with  a  fraction  of  the  speed  of  the  slightly  smaller 
material.  The  result  is  that  in  being  moved  a  mile  down  stream  it 
may  have  moved  ten  or  fifty  miles  relatively  to  the  finer  detritus.  In 
so  far  as  the  rubbing  and  attrition  are  concerned,  it  has  accomplished 
a  journey  many  times  the  length  of  the  actual  distance  moved.  This 
lagging  of  the  hardest  coarse  material  under  stable  river  conditions 
will  be  such  that  the  addtxi  attrition  due  to  the  lagging  is  able  to  reduce 
it  to  that  slightly  smaller  size  which  may  be  just  handled  by  the 
slightly  ilecreased  velcKity  of  the  next  lower  portion  of  the  river.  With 
all  but  the  hardest  it  appears,  however,  as  preWously  stated,  that  the 
pebbles  go  to  pieces  faster  than  is  called  for  by  the  necessities  of  trans- 
portation, so  that  in  the  lower  |)ortions  of  the  valley  there  is  an  abnor- 
mal proportion  of  fine  material — material  which  can  be  carried  forward 
by  a  sluggish  current  —with  the  result  that  the  condition  for  equilibrium 
is  a  flattened  slojx\ 

Fourih,  the  slojx'  of  a  graded  river  is  known  to  be  in  delicate  adjust- 
ment between  the  volume  of  water,  the  quantity  and  fineness  of  load. 
These  relations  briefly  stated  are:  (i)  A  more  voluminous  stream 
tends  to  flow  down  the  same  slojx?  with  greater  velocity,  the  frictional 
resistence  of  the  bed  bearing  a  smaller  ratio  to  the  moving  force. 
To  remain  in  equilibrium  upon  such  a  slope  the  stream  must  carry 
more  waste  or  coarser  waste.  Otherwise  it  \W11  tend  to  load  up  its 
current  by  cutting  down  in  the  upper  part  of  its  course,  building  up 
in  its  lower  until  the  grade  is  flattened,  the  velocity  diminished  and 
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equilibrium  attained.  The  volume  varies  throughout  the  year  and 
it  is  observed  that  in  accordance  with  this  principle  by  far  the  greater 
proportion  of  river  detritus  is  moved  in  the  seasons  of  flood.  The 
same  principle  may  be  extended  to  apply  to  climatic  cycles  longer 
than  that  due  to  the  revolution  of  the  earth  about  the  sun.  (2)^  If 
through  any  climatic  or  tectonic  change  the  forces  of  erosion  are 
quickened  and  either  a  coarser  or  larger  load  of  waste  is  poured  into 
a  stream  of  postulated  constant  volume,  the  stream  must  deposit  the 
coarser  of  this  material  in  place  until  the  grade  is  steepened  and  the 
velocity  consequently  quickened  sufficiently  for  transportation  of  a 
larger  proportion.  If  the  waste,  on  the  contrary,  becomes  finer  in 
grain  or  deficient  in  quantity,  the  stream  responds  by  beginning  to 
erode  in  its  upper  portions,  tending  to  reach  a  new  state  of  equilibrium 
by  partially  increasing  its  load  and  partly  flattening  its  grade. 

Relations  of  Stable  Climates  to  Transportation 

deductive  conclusions  with  confirmatory  illustrations 

From  the  foregoing  principles  the  relations,  stated  deductively, 
may  be  drawn  between  transportation  and  climate.  The  conclusions 
may  then  be  tested  by  the  examination  of  various  regions  which  supply 
the  requisite  conditions.  In  sub-arid  climates  the  streams  in  their 
upper  portions  have  great  temporary  volumes  and  carrying  power 
but  the  volume  does  not  normally  increase  on  the  way.  The  result 
is  that  on  escaping  from  the  mountains  the  rivers  in  such  climates 
are  peculiarly  liable  to  lay  down  a  portion  of  their  load,  building 
piedmont  slopes.  The  methods  of  erosion  in  an  arid  climate  and 
the  sudden  tumultuous  action  of  the  streams  result  moreover  in  a 
large  proportion  of  the  deposit,  consisting  of  a  coarse  and  rather 
undecomposed  waste,  requiring  relatively  steep  grades  for  its  removal. 
The  silt  is  swept  farther  out  upon  the  flatter  plains,  while  the  clay 
and  loess-like  material  may  be  carried  to  the  front  of  the  delta,  pro- 
vided the  river  waters  are  not  absorbed  on  the  way.  The  rivers  of 
Argentina  flowing  eastward  from  the  Andes  furnish  excellent  exam- 
ples, and  to  a  lesser  degree  the  rivers  crossing  the  Great  Plains  of  the 
United  States.  In  both  cases  a  condition  of  equilibrium  is  approached 
though  never  quite  attained,  between  volume  and  waste  upon  a  slope 


370  STUDIES  FOR  STUDENTS 

which  descends  several  thousand  feet  in  a  distance  of  several  hundred 
miles. 

The  streams  of  a  rainy  climate  on  the  other  hand  have  greater 
carr}ing  power  over  their  lower  and  flatter  courses,  owing  to  the 
continually  augmented  volume  with  distance  from  source.  The 
material  carried  is  also  more  largely  fine-grained  than  in  the  case 
of  the  sub-arid  climate,  a  considerable  portion  consisting  of  true  clay. 
There  is  consequently  less  tendency  to  build  piedmont  slopes  and 
more  to  deliver  the  waste  to  the  delta  and  the  sea.  In  warm  humid 
climates  thoroughly  oxidized  and  leached  clays  form  a  maximum 
percentage  in  the  land  waste,  giving  a  river  grade  of  maximimi  flatness 
after  escaping  from  the  mountains.  The  Amazon  furnishes  an  excel- 
lent example,  its  bed  being  but  370  feet  in  elevation  at  the  junction 
of  the  Maranon  and  Ucayali  at  a  distance  of  about  1,800  miles  from 
the  ocean.  The  grade  of  the  Amazon  is  doubtless,  however,  some- 
what flatter  and  lower  in  its  middle  course  than  is  called  for  by  the 
present  relations  of  volume  and  waste,  since  it  is  characterized  by 
braided  streams,  distributaries,  and  shallow  lakes.  In  cold  rainy 
climates  frost  becomes  a  powerful  disintegrating  agent  in  mountainous 
regions,  developing  with  great  rapidity  vertical  cliffs  skirted  by  coarse 
talus  slopes  and  accentuating  during  the  early  portion  of  the  cycle 
the  steepness  and  roughness  characteristic  of  such  regions.  The 
waste  supplied  to  the  rivers  is  coarser  than  that  from  a  warmer  region 
|K>ssessing  the  same  broad  topographic  features,  and  the  river  con- 
sequently must  flow  on  a  somewhat  steeper  grade  for  the  same  volu- 
metric relation  of  river  water  to  sediment. 

Kfffcts  of  \'arying  Climates  upon  Transportation 

In  short  stR\ims  of  steep  grade,  such  as  those  draining  from  the 
coast  chains  of  C;ilifornia  toward  the  ocean;  or  in  longer  ones  of  low 
grade,  such  as  most  of  those  of  the  Atlantic  coast  of  the  United 
States,  the  de[x>sits  of  allunum  under  all  circumstances  are  largely 
marine  and  the  chief  elTect  of  a  change  of  climate  upon  the  sedimenta- 
tion is  duo  to  the  resultant  changes  in  the  rate  and  kind  of  erosion 
rather  than  changes  in  the  transportation.  As  pointed  out  under  the 
subiix  t  of  /Ac*  rthUion  of  topography  and  climaU  to  erosion  this  alone 
du>uld  lead  to  well  marked  differences  in  the  sediment.    In  the  larger 
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and  longer  river  systems,  however,  especially  those  rising  in  mountain 
regions,  influences  of  another  character  come  in,  of  even  greater 
stratigraphic  importance. 

CLIMATIC  CHANGE  FROM  SEMI- ARID  TO  RAINY 

To  appreciate  the  maximum  possible  results  imagine  semi-arid 
alluvial  plains  such  as  the  Pampas  of  Argentina  and  the  High  Plains 
of  the  United  States  to  become  the  seats  of  a  markedly  rainy  climate 
such  as  that  of  the  Amazon  basin.  The  rivers,  constantly  swelling 
in  volume  from  additional  drainage  in  crossing  the  inclined  plains 
will  erode  the  unconsolidated  or  semi-consolidated  sands  and  gravels 
\\'ith  immense  rapidity,  possibly  sweeping  such  deposits  entirely  away 
and  channeling  into  the  rock  formations  below.  In  the  case  of  the 
slopes  cited  from  500  to  1,000  feet  of  deposits  could  on  a  conservative 
estimate  be  swept  oflf  from  large  areas  before  the  river  currents  would 
become  suflRciently  sluggish  in  consequence  of  the  lowered  grade  of 
their  middle  courses  to  cease  from  the  vigorous  erosion.  In  the  mean- 
time over  the  headwaters  erosion  would  not  have  increased  in  any 
such  measure  and  might  in  some  instances  actually  decrease  in  rate, 
since  the  vegetation  if  more  luxuriant  would  hold  the  soil  to  the  slopes 
on  the  one  hand  and  on  the  other  the  corrasion  of  stream  channels 
is  measured  by  the  volume  of  the  occasional  heavy  floods  rather  than 
by^he  quantity  of  the  constant  rains.  The  increased  fineness  of 
the  mountain  waste,  even  if  the  same  in  quantity,  and  its  less  ratio  to 
the  greater  volume  of  water  will  give  the  rivers  still  greater  powers 
of  erosion  after  escaping  from  the  mountains. 

In  the  normal  topographic  cycle  the  rivers  which  in  their  youthful 
stage  build  up  piedmont  slopes  will  in  maturity  begin  to  trench  and 
remove  them,  owing  to  the  decreased  height  in  the  region  of  the  head- 
waters and  the  lessened  rate  of  erosion.  A  strong  climatic  change 
from  semi-arid  to  pluvial  will  therefore  work  with  the  normal  topo- 
graphic cycle  and  the  results  as  recorded  in  the  sedimentation  over 
the  lower  portion  of  the  system  will  be  proportionately  more  marked 
than  if  the  climatic  change  acted  alone. 

In  this  rapid  erosion  the  coarse  material  constituting  the  piedmont 
slope  win  not  be  slowly  rolled  forward  while  being  worn  down  pari 
passu  by  the  friction  of  the  smaller  particles  swept  past,  but  will  be 
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carried  iomrd  rapi-iiT  wbeacricr  reached  by  the  tumultuous  ciuxents. 
I:  triil  ixrticpt  have  s»TiKi  idadTdy  to  the  adjacent  finer  material 
Vi:  LzOt  faitber  than  dx*  actual  cfistance;  whereas,  as  previously 
pocn:ed  or:,  tbe  coarser  Tnaifrial  usualhr  moves  relatively  many  times 
fariier  than  the  naer.  Xot  only,  therefore,  will  the  final  region  of 
drpoid:  u2oerg>  a  rjdden  increase  in  sedimentation  which  may  be 
caljed  a  veritable  5ood  of  waste,  but  it  will  be  of  phenomenal  coarseness 
comi«ared  :o  that  which  preceded  and  that  which  will  come  after, 
the  rrtceding  sediment  being  fine  in  the  delta  region  on  account  of  the 
small  canyinfi:  power  of  the  rivers  of  the  semi-arid  plains;  the  suc- 
ceeding sediment  being  fine  because  of  the  graded  character  of  the 
mountain  slopes  and  the  more  decomposed  nature  of  the  waste  which 
they  give  to  the  streams  in  a  tinae  of  more  (duvial  climate.  The  coarser 
material  depiosited  on  the  delta  re^on  will,  however,  be  finer  than 
that  prenously  deposited  on  the  piednoont  slopes  since  attrition  and 
wear  ^re  ine\itable  during  tran^x>rtation.  Such  a  climatic  change 
from  subarid  to  rainy  will  thus  be  marked  by  a  shifting  of  the  stored 
waste  of  the  earlier  epoch  from  the  middle  to  the  lowest  portion  of 
the  river  system.  If  it  be  assumed  that  the  area  of  deposition  in  the 
second  case  is  no  larger  than  in  the  first,  the  amoimt  wiH  form  a 
deyx)-?!:  on  the  average  of  equal  thickness  to  the  depth  of  the  erosion 
in  the  piedmont  plains.  Thus  it  is  within  the  limits  of  past  possibili- 
ties that  widespread  sand  or  conglomerate  formations  intercalated 
between  others  of  markedly  different  nature  should  be  formed  upon 
delta  surfaces  or  over  the  bottoms  of  shallow  seas,  as  the  result  of  a 
ra[>id  and  profound  climatic  change.  Such  formations  in  the  regions 
of  their  greater  coarseness  would  be  remarkably  clean  from  clay 
and  where  reaching  a  maximum  development  might  be  several  hundred 
or  even  a  thousand  feet  in  thickness.  This  possibility  mil  become  a 
probability  in  proportion  as  such  arenaceous  or  conglomeratic  for- 
mations are  widespread,  dissociated  from  the  other  evidences  of  origin 
through  crustal  movement,  and  correlated  on  other  lines  of  evidence 
with  climatic  changes  of  the  proper  nature. 

The  most  favorable  period  for  the  testing  of  these  deductive  state- 
ments is  the  Pleistocene,  since  the  deposits  are  still  preserved  at  the 
surface,  they  can  be  traced  to  their  sources  in  the  regions  of  erosion 
and  great  climatic  oscillations  are  known  to  have  taken  place.    The 


CUMATE  AND  TERRESTRIAL  DEPOSITS  373 

complication,  however,  is  that  in  many  regions  profound  crustal  move- 
ments are  also  known  to  have  occurred.  This  correlation  of  climate 
with  erosion  and  aggradation  has  been  made  by  W.  D.  Johnson  to 
explain  the  oscillations  between  stream-cutting  and  stream-building 
of  the  Great  Plains  region  during  the  Quaternary.     He  notes  that : 

There  are  two  possible  disturbing  influences  which  may  result  in  transforma- 
tion of  the  gradation  plane — deformation  and  change  of  climate.  But  it  is  not 
necessary,  in  order  to  account  for  change  in  behavior  of  the  traversing  streams, 
to  apf)eal  to  deformation.  A  sufRcient  cause  may  be  looked  for  in  change  of 
climate.  There  is  record  of  erosion,  with  reversal  to  deposition  and"  rebuilding, 
and  reversal  again  finally  to  erosion,  and  there  is  reason  for  believing  that  this 
series  of  interruptions  of  the  gradation  cycle  was  an  effect  of  climatic  oscillation 
rather  than  of  earth  movement.  The  date  of  the  building  of  the  great  debris 
sheet,  so  far  as  included  fossil  remains  would  seem  to  determine  it,  might  range 
anywhere  from  middle  Tertiary  to  early  Pleistocene.  However,  the  beginning 
of  the  final  and  present  degradation  stage,  during  which  the  smoothness  of  the 
Great  Plains  has  been  in  large  part  destroyed  and  their  surface  lowered,  with 
exception  of  the  sod-covered  plateaus  of  the  central  zone,  doubtless  dates  from 
the  opening  of  that  period  of  climatic  oscillations  in  the  Pleistocene  which,  in 
the  Great  Basin  region  of  Utah  and  Nevada,  gave  rise  to  repeated  floodings  of 
large  areas  and  the  creation  of  lakes.  Indeed,  it  is  not  unlikely  that  the  grading 
of  certain  of  the  minor  plateau  surfaces  of  the  High  Plains,  which  stand  appre- 
ciably below  the  general  level,  is  to  be  correlated  with  the  several  returns  in  the 
Great  Basin  to  severe  desert  conditions  during  this  period,  which  also  are  plainly 
recorded  among  the  old  lake  evidences.  < 

In  investigations  of  Pleistocene  geology  great  attention  is  prop- 
erly paid  to  the  surface  form,  and  in  fluviatile  and  pluvial  work  erosion 
is  more  studied  than  sedimentation.  In  more  distant  geological 
times,  however,  it  is  the  record  of  the  deposits  which  must  be  almost 
entirely  the  basis  of  study.  For  such  purposes,  therefore,  the  rela- 
tions of  erosion  and  aggradation  within  the  High  Plains  are  not  of 
so  much  final  importance  as  the  question,  What  was  the  nature  oi 
the  deposit  made  by  the  erosion  of  the  sands  and  gravels  of  the  High 
Plains  during  times  of  wetter  and  colder  climate  ?  The  suggested 
but  not  demonstrated  answer  is,  that  the  landward  edge  of  the 
corresponding  deposit  appears  to  be  the  Orange  Sand  Delta  of  Hilgard, 
now  known  as  a  Mississippian  portion  of  the  Lafayette  formation. 

«  The  High  Plains  and  Their  Utilization.     2/5/  Ann,  RepL,  U.  S.  Geol.  Survey, 
Pt.  rV,  1901,  p.  626,  62^30. 
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As  shown  by  Hilgard/  this  is  a  widespread,  flood-made  formation, 
extending  along  the  great  valley  of  the  continent,  the  Mississippi, 
south  of  its  junction  with  the  Missouri  and  on  the  Gulf  Coast  reaching 
from  Mobile  Bay  in  Alabama  to  the  Sabine  River  on  the  borders  of 
Texas.  The  formation  consists  in  large  part  of  orange,  rust  colored, 
but  sometimes  purplish,  white,  or  variegated  sand,  consisting  almost 
entirely  of  quartz  grains  much  rounded  and  smoothly  polished,  and 
very  commonly  encrusted  with  the  rusty  pigment.  Near  the  great 
river  channels,  notably  that  of  the  Mississippi  on  either  side,  on  the 
Tombigbcc  and  Tennessee,  as  well  as  on  the  Sabine  there  is  a  steady 
increase  of  gravel.  The  beds  are  irregularly  stratified,  sometimes 
structureless  for  20  feet  of  thickness,  but  have  generally  the  flow-and- 
plunge  structure.  Hilgard  considers  that  the  formation  as  a  whok 
is  the  outcome  of  fresh  water  in  the  state  of  violent  flow.  The  "  Orange 
Sand"  increases  in  thickness  toward  the  Gulf.  In  an  artesian  weD 
near  the  Calcasieu  River,  200  miles  west  of  New  Orleans,  beds 
referred  to  the  Lafayette  are  found  to  extend  to  a  depth  of  450  feet, 
beneath  160  feet  of  clay  of  the  Port  Hudson  group;  and  at  New 
Orleans  the  gravels  have  been  found  by  borings  to  extend  to  760 
feet  below  the  level  of  the  sea.  Hilgard  showed  that  it  overlaid  the 
Grand  Gulf  beds  and  was  in  its  turn  covered  by  the  Port  Hudson  or 
Cohimbia.  He  considers  that  it  is  latest  Tertiary  or  earliest  Quater- 
nary, and  he  correlates  this  increase  of  fresh-water  action  with  the 
melting  and  retreat  of  the  first  glacial  stage.  Chamberlin  and  Salis- 
bury consider,  however,  that  glacio-fluvial  work  is  not  concerned 
in  the  origin  of  this  Mississippi  portion,  since  upon  careful  search 
neither  was  able  to  find  any  pebbles  referable  to  glacial  action,* 
this  origin  being  restricted  to  the  Natchez  formation  which  overlies 
it. 3  These  authors  favor  the  hypothesis  that  the  Appalachian  por- 
tions at  least  were  developed  by  successive  shiftings  of  river  deposits 
toward  the  sea  during  Pliocene  upward  bowing  of  the  partially 
developed  Tertiar}-  peneplain  in  the  region  of  the  Appalachians,  but 

«  "The  Age  and  Origin  of  the  Lafayette  Formation,"  Amer,  Journal  of  Science, 
Vol.  XLIII  (1892),  pp.  389-402. 

»  T.  C.  Chamberlin,  "  Some  Additional  Evidences  Bearing  on  the  Interval  between 
the  Glacial  Epochs,"  Bulletin  of  the  Geological  Society  of  America^  Vol.  I,  1890,  p.  470. 

3  Geology,  Vol.  Ill  (1906),  p.  308. 
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also  recognize  the  influence  which  changes  in  precipitation  and 
temperature  may  have  had  upon  the  rate  of  erosion.'  Such  shif tings 
of  the  gravek  as  were  produced  by  the  bowing  would  result  in  a 
progressively  yoimger  age  of  deposits  found  in  going  down  the  streams 
from  the  axis  of  bowing  and  therefore  the  Lafayette  deposits  of  sepa- 
rated districts  may  not  be  of  strictly  contepiporaneous  origin. 

As  facts  which  have  a  bearing  upon  the  relative  influences  of  tec- 
tonic and  climatic  causes,  it  may  be  pointed  out  that  according  to 
Hershey  erosion  following  a  Pliocene  uplift  opened  out  basin  valleys 
in  the  Ozark  Highland  from  75  to  100  and  even  300  feet  below  the 
main  Tertiary  peneplain.  These  valleys  are  floored  with  Lafayette 
gravels  which  Hershey  states  represent  the  end  (italics  introduced) 
of  deposition  of  the  Lafayette  formation,  but  the  evidence  for  the 
latter  statement  is  not  given.'  Following  the  development  of  these 
valleys  another  uplift,  reaching  in  southern  Missouri  to  at  least 
several  hundred  feet,  enabled  the  streams  to  excavate  the  inner  canyon 
valleys  of  Ozarkian  age.  In  this  locality,  then,  the  Lafayette  appears 
to  have  been  deposited  at  a  time  of  crustal  stability  between  two 
stages  of  uplift.  While  its  presence  could  be  explained  by  either  a 
tectonic  or  climatic  hypothesis,  the  latter  is  perhaps  the  easier, 
since  at  a  time  of  crustal  stabiUty  a  climatic  instability,  by  vary- 
ing the  ratio  of  erosion  to  transportation,  could  make  itself  most 
readily  felt;  now  by  an  excess  of  erosion  depositing  material  near 
the  headwaters  and  steepening  the  grade,  again  by  an  excess  of 
transporting  power  shifting  the  same  to  a  lower  portion  of  its  course. 
Such  a  climatic  instability  marked  the  close  of  the  Tertiary  and 
increased  in  intensity  until  it  resulted  in  the  tremendous  climatic 
reversals  from  glacial  to  interglacial  intervals  which  marked  the  Pleis- 
tocene. 

The  chief  criticisms  which  may  be  brought  against  this  view  lie 
in  the  entire  lack  of  glacial  material  in  the  composition  of  the  Lafayette 
formation  and  the  good  evidence  of  nearly  related  crustal  movements 
of  greater  or  lesser  magnitude  which  affected  the  continent  at  about 
this  time.     But  in  continental  interiors  it  is  only  land  warpings 

X  Op.  cU.,  pp.  305-8. 

•  "Peneplains  of  the  Ozark  Highland,"  American  Geologist ^  Vol  XXVII,  1901, 
PP-  33»  41. 
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which  can  directly  influence  the  rate  of  erosion  unless  the  land  uplift 
is  sufficiently  prolonged  for  the  streams  to  steepen  their  grades  from 
the  sea  backward  to  the  headwaters,  while  glacial  material  would  be 
absent  imtil  the  increasing  ice  sheets  actually  invaded  the  headwaters 
of  the  streams  building  the  formations.  In  the  present  connection 
it  is  desired  to  bring  into,  more  prominence  the  climatic  factor,  but 
without  presuming  to  decide  upon  the  relative  importance  in  this 
case  of  the  tectonic  and  climatic  causes,  as  a  final  decision  must  be 
bast'd  uj)on  broad  field-work  with  both  hypotheses  in  mind.  It  may 
be  ix)inted  out,  however,  that  this  quickening  in  erosion  and  transpor- 
tation appears  to  have  been  very  extensive  over  the  United  States 
and  has  been  ascribed  to  a  time  of  cool  moist  climate  by  a  number 
of  writers  from  several  lines  of  evidence,  such  as  the  included  bog 
deposits;'  but  there  is  also  a  suggestion  by  Chamberlin  and  SaUsbur}% 
from  the  oxidized  character  of  the  formation,  that  there  were  effective 
dr}'  seasons.'  This  might  simply  imply,  however,  a  more  diversified 
climate  while  at  the  same  time  more  rainy.  A  somewhat  similar 
paradox  is  pointed  out  by  Chamberlin  and  Salisbury  in  regard  to 
the  relationship  of  the  loess  to  the  lowan  ice  invasion  and  the  absence 
of  gravel  trains,  "both  phenomena,  perhaps,  imphing  aridity,  strange 
a>  that  may  socm  in  a  glacial  epoch. ''^ 

In  view  of  the  diversity  of  opinion  upon  the  origin,  age,  and 
oxtont  of  the  Lafayette,  an  opinion  in  the  present  connection  should 
U^  exprossovl  with  caution.  It  would  seem,  however,  that  the  great 
ilevelopment  of  sand  and  gravel  on  the  margins  of  the  Gulf  and  to  a 
le>ser  extent  up  the  Mississippi  River  corresponds  with  such  an  ero- 
sion of  pievlmoni  s;\nds  and  gravels  as  is  seen  to  have  taken  place 
frv^ni  the  High  Plains.  In  each  case  there  is  the  added  volume  of 
water  n\^iiin\i  in  the  one  regiop.  for  erosion,  in  the  other  for  the  trans- 
tx-^rtation  of  such  niaterial.  Both  events  are  known  to  have  occurred 
near  the  ck\<e  of  the  Tenian-  or  early  opening  of  the  Quatemar}-, 
atui  b\  vvn\  lating  the  two  the  rnxvssirx*  is  avoided,  either  of  assigning 
the  txwi  w,\ters  to  the  nxltir.g  and  n:nreat  of  the  ice  sheet,  or  to  a 
crxAter  >\v,::h\\aTvi  sk^.x^  tv^  the  MissisjsdprH  Valley,  or  to  local  tilting 
o:   the  Hxgh   riAtr.s  ::i  v^rvier  tv^  rv;uvenate  erosion.    The  climatic 

t  vV  ,«  ,  \  vv.  \W  r^  >%*.  ^  v\f  .TB..  VoL  UI,  p.  41*^ 
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Jiange  which  is  known  to  have  taken  place  at  about  that  time  seems 
i  sufficient  hypothesis,  and  renders  the  other  necessary  only  where 
carping  or  tilting  of  previous  base  levels  can  be  demonstrated.  In 
praded  rivers  of  considerable  volume  a  slight  increase  of  volume,  by 
)roducing  erosion  along  the  whole  stream  course  would  seem  compe- 
ent  to  sweep  sand  and  gravel  to  great  distances,  which  previously 
»uld  not  be  transported  along  the  bottom,  resulting  in  the  deposit 
)f  himdreds  of  feet  of  gravels  at  New  Orleans  whither  now  the 
i^ssissippi  carries  chiefly  clay  and  in  its  channel  nothing  coarser 
han  sand.' 

On  the  other  hand,  W,  J.  McGee  points  out  that  the  Lafayette 
x>rdering  the  continent  was  laid  down  during  an  epoch  of  land 
lubsidence  and  that  these  Quaternary  gravels  may  therefore  be 
•eworked  Lafayette  gravels,  owing  to  a  Quaternary  land  elevation 
ind  rapid  erosion  in  the  lower  portions  of  the  rivers.'  To  account 
or  the  original  Lafayette  gravels  of  the  lower  Mississippi,  carried 
eaward  during  a  low  stand  of  the  land,  a  hypothesis  of  climatic 
Jiange  appears  to  the  present  writer  to  apply  most  readily.  If  the 
Quaternary  gravels  consist,  however,  of  a  redeposition  during  a  low 
itand  of  the  sea  and  not  during  a  local  and  progressive  subsidence 
)f  the  lower  Mississippi,  then  such  a  fluctuating  sea  level  is  sufficient 
o  account  for  a  Quaternary  redeposition  without  invoking  as  a 
urther  aid  a  climatic  cause,  even  if  such  may  have  been  also  in 
)peration. 

Irrespective  as  to  whether  or  not,  however,  the  orange  sand  of  the 
^ssissippi  Valley  is  the  formation  which  represents  in  part  the  prod- 

«  Since  the  above  was  written  two  further  communications  have  appeared  bearing 
pon  the  age  and  mode  of  origin  of  the  "Lafayette  beds"  of  Louisiana.  G.  D.  Harris 
ecords  the  existence  of  sands,  clays,  and  gravels,  the  latter  of  typical  Lafayette  type, 
xtending  to  a  depth  of  at  least  1,500  feet;  while  a  Quaternary  moUuscan  fauna  extends 
own  to  about  2,000  feet.  The  well  records  thus  seem  to  indicate  that  the  seaward 
(nltin^ation  of  the  gravels  in  the  central  portion  of  Louisiana  as  well  as  in  those 
tales  to  the  east  and  west  are  rather  Quaternary  than  Pliocene.  It  would  seem,  then, 
lat  Hilgard's  views  as  to  the  contemporaneousness  and  interrelationship  of  the  coarse 
Orange  sands"  in  the  south  and  the  ice  sheets  in  the  north  may  prove  correct  in 
>ite  of  the  fact  that  certain  "Lafayette"  gravels  are  said  to  lie  beneath  glacial  till 
uther  north.  (G.  D.  Harris,  "Note  on  the  'Lafayette  Beds*  of  Louisiana,"  Science, 
r.  S.,  VoL  XXVII,  1908,  p.  351.) 

»  Science,  N.  S.,  Vol.  XXVII,  1908,  p.  472. 
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uct  of  the  erosion  of  the  High  Plains,  the  fact  still  remadns  that  ik 
erodon  was  concentrated  into  certain  stages  and  that  somewhere 
sediraents  of  increased  volume  and  coarser  nature  must  have  been 
deposited. 

The  same  principles  may  be  applied  to  the  more  distant  past 
Where  the  sediments  by  the  chemical  conditions  of  erosion  an( 
deix>sjtion  give  evidence  of  profound  climatic  change^  such  for  instauD 
as  ushers  in  glacial  periods,  equally  profound  textural  changes  ii 
regions  beyond  the  reach  of  glaciation,  whereby  sand  or  even  pebbk 
were  swept  to  the  delta  regions  or  the  seas  beyond,  may  proj>eriy  b 
ascribed  to  the  change  of  climate  and  do  not  necessarily  require  ao 
crustal  movement  for  their  origin,  though  they  may  be  complicate 
by  the  presence  of  such  movements.  In  this  way  periods  of  glad* 
tion  may  make  their  existence  felt  far  beyond  the  actual  limits  of  th 
ice  invasion.  It  is  thought  by  the  writer  that  the  Potts>ille  m 
glomerate  or  Millstone  grit  which  so  commonly  underlies  the  coi 
measures  of  the  eastern  United  States  and  western  Europe,  sharp! 
separating  the  Carboniferous  from  the  sub-Carboniferous  of  tbos 
regions^  owes  its  origin  primarily  to  such  climatic  change* 

CLIMATIC  CHANGE   FROM   RAINY  TO   SEMI-ARID 

Having  given  the  previous  analytical  discussion,  the  reverse  sid 
of  the  problem  may  more  briefly  be  stated.  At  a  time  of  marke 
change  from  rainy  to  semi-arid  the  waste  poured  into  the  upper  pai 
of  the  streams  may  be  rapidly  increased  in  amount  and  in  coarsenes! 
owing  to  less  efficient  vegetation  and  more  concentrated  floods.  I 
crossing  the  plains  of  the  middle  course,  however,  the  rivers  wi 
diminish  instead  of  gaining  in  volume.  They  will  find  their  previoi 
valleys  much  below  grade  with  the  result  that  a  larger  proportion  ( 
river  sediment  will  be  deposited  upon  the  piedmont  slopes  than  woul 
even  be  the  case  under  the  same  climate  after  the  river  grades  ha 
acquired  slopes  in  equilibrium  with  the  conditions.  An  accentuate 
deficiency  of  sediment  will  consequently  be  noted  at  the  terminus  • 
the  river  system.  The  stratigraphic  effect  of  such  a  climatic  chani 
will  depend,  as  in  the  previous  instance,  upon  the  quickness  ai 
amount  of  the  change,  the  distance  of  the  headwaters  from  the  delt 
and  the  height  of  the  source.     These  factors  measure  the  differen 
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in  angle  between  the  stable  grades  under  the  two  conditions  and  the 
volume  of  sediments  required  to  be  shifted  to  cause  one  grade  to  pass 
into  the  other. 

These  deductive  statements  find  perhaps  their  best  illustration  in 
Persia,  a  region  which,  while  so  arid  as  to  have  no  outflowing  drainage, 
yet  is  known  from  several  lines  of  evidence  to  have  undergone  marked 
climatic  desiccation  dining  historical  times.  Blanford  in  1873  called 
attention  to  the  superficial  gravels,  sands,  and  clays  of  the  valleys  and 
deserts  of  Persia.'  He  notes  that  the  margins  of  the  valleys  usually 
consist  of  a  long  slope  composed  of  gravel  and  bowlders,  and  with  a 
surface  inclination  of  from  i®  to  3®.  Such  slopes  often  extend  for  a 
distance  of  from  5  to  10  miles  from  the  base  of  the  hills  bounding  the 
plains,  the  difference  in  level  between  the  top  and  bottom  of  the 
incline  being  frequently  from  1000  to  2000  feet,  or  even  more.  The 
peculiarity  of  these  slopes  in  Persia  consists  in  their  great  breadth  and 
in  the  enormous  mass  of  detrital  deposits  which  they  contain.  In 
the  central  portions  of  the  valleys  the  surface  usually  consists  of  very 
fine,  pale-colored,  rather  sandy  earth,  not  unfrequently  impregnated 
with  salts.'  In  discussing  the  origin  of  these  gravel  deposits  Blanford 
notes  that  it  is  usually  the  drier  tracts  in  which  accumulations  of 
gravel  attain  their  greatest  dimensions  while 

Toward  Shir&z  the  slopes  of  loose  detritus  on  the  sides  of  valleys  are  much 
less  extensive,  and  in  places,  as  in  the  valley  of  the  Bandamir,  above  Persepolis, 
entirely  wanting,the  flat  alluvium  of  the  valley  extending  to  the  limestone  ranges 
on  each  side.  This  may  be  due  to  a  former  extension  of  the  existing  salt  lakes 
far  into  the  valleys  of  Shirdz  and  Persepolis,  and  to  the  deposition  of  silt  in  the  lakes 
in  sufficient  quantities  to  conceal  any  accumulation  of  detritus  near  the  side  of  the 
valley;  but  there  appeared  to  me  to  be  a  similar  deficiency  of  gravel  slopes  on 
the  sides  of  the  higher  valleys  containing  running  streams,  and  I  am  much  inclined 

to  believe  that  their  absence  is  connected  with  the  heavier  rainfall 

Probable  origin  of  gravel  accumulations. — This  gives  a  clue  to  the  origin  of 
these  immense  spreads  of  recent  or  sub-recent  deposits;  and  in  connection  with  the 
last  observations  I  may  mention  that  usually,  in  Southern  Asia,  so  far  as  I  have 
seen,  it  is  the  drier  tracts  in  which  accumulations  of  gravel  attain  their  greatest 
dimensions Bearing  in  mind  that  all  accumulations  of  detrital  matter 

«  W.  T.  Blanford,  "On  the  Nature  and  Probable  Origin  of  the  Superficial  Deposits 
in  the  Valleys  and  Deserts  of  Central  Persia/'  Quarterly  Journal  oj  the  Geological 
Society  oj  London,  Vol.  XXIX,  1873,  pp.  493,  503. 

•  Loc.  ciL,  pp.  495>  49^. 
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are  due  to  arrest  of  motion,  whether  partial  or  total,  in  the  transportbg  agent, 
we  can  easily  understand  that  the  rainfall  on  the  Persian  hills  may  suflke  to  wash 
down  as  far  as  the  sides  of  the  valleys  those  fragments  which,  by  chemical  agency 
or  the  action  of  frost,  are  loosened  from  the  hill-sides;  but  when  once  the  momen- 
tum given  by  the  steepness  of  the  incline  is  at  an  end,  the  quantity  of  water  drained 
from  the  surface  is  insufficient  to  transport  the  d^ris  to  a  lower  level;  all  that 
it  can  (io  is  to  leave  the  detritus  in  a  long  slope,  the  surface  of  which  is  arranged 
by  the  wash  of  rain.' 

These  views  receive  further  support  from  the  observations  of  Med- 
licott  and  Blanford  on  the  relations  to  the  rainfall  of  the  piedmont 
gravels  which  face  the  south  slopes  of  the  Himalayas.  In  this  con- 
ntTtion  they  stale: 

Hhdbar  is  the  slope  of  gravel  along  the  foot  of  the  Himalayas.  Compared 
with  the  slo{x^  in  the  dr)'  regions  of  Central  Asia,  Tibet,  Turkestan,  Persia,  etc, 
the  gravol  de{K)sits  at  the  foot  of  the  great  Indian  ranges  are  insignificant,  the 
tlitTcnnuT  in  height  l>etween  the  top  and  bottom  of  the  sbpe  nowhere  exceeding 

1,000  feet This  difference  is  probably  partly  due  to  the  mudi  greater 

rainfall  in  India,  and  to  streams  being  consequently  able  to  carry  away  a  much 
larger  pro|X)rtion  of  the  detritus  washed  from  the  surface  of  the  hills,  partly  also 
to  the  I  iri  unistance  that  the  rocks  in  the  lower  regions  of  the  hills  are  not  sub- 
jeiii*tl  \o  the  kK>sening  effects  of  frost. 

The  hhiibar  sK>jh»  of  jjravel  along  the  foot  of  the  Himalayas,  although  evidently 
of  oiMiiparativoly  roivnt  formation,  has  frequently,  to  the  eastward,  been  cut  into 
terraces  l>y  I  lie  streams  from  the  hills.  This  is  a  necessary  consequence  of  the 
stn'anis  cutting  ileejKT  channels  in  the  rocks  of  the  hilly  ground.  It  is  curious 
to  note,  however,  that  to  the  westwanl  the  bltdbar  is  being  raised  instead  of  being 
cut  through  h\  streams.  The  dilTereni'e  is  not  improbably  due  to  the  much  greater 
rainfall  to  the  eastward,  and  to  the  streams  being  consequently  able  to  cam* 
away  the  gravel  as  they  out  back  their  bed  in  the  rock,  whereas  weaker  streams 
are  preventeil  irom  cutting  back  their  channels  by  their  inability  to  wash  away 
the  gravel  tliey  have  alreaily  ileposited.  It  may  be,  too,  that  from  local  causes  the 
gravels  to  the  westwanl  are  more  easily  j)ercolated  by  water  and  therefore  streams, 
instead  of  carrying  away  the  bhdbar  dejx^sits,  sink  into  them;  but,  judging  from 
the  enormous  dtnelopmont  oi  the  gravel  slopes  in  regions  of  small  rainfall,  it  is 
more  pn>l)able  that  the  first  hyjwthesis  is  correct.* 

In  conclusion  on  this  topic  it  is  to  be  pointed  out  and  emphasized 
that  the  climatic  significaftce  oj  gravel  deposits  on  piedmont  slopes  is 
precisely  opposite  in  character  to  the  same  when  found  on  the  delta 
plain.    Climatic  inferences  cannot  therefore  be  safely  made  unless, 

«  Loc.  cit.^  p.  49S. 

*  Medliant  and  Blanford,  Geology  of  India  (1879),  P^^t  I,  pp.  403,  412,  413. 
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after  the  exclusion  of  the  possibility  of  a  tectonic  origin,  the  syn- 
chronous relations  of  erosion  and  deposition  are  investigated  for  the 
three  portions  of  the  river  system  and  the  relative  location  of  portions 
undergoing  degradation  and  aggradation  are  determined.  Even  by 
those  who  have  recognized  the  frequent  climatic  origin  of  changes  in 
river  grade  the  necessity  of  clearly  stating  these  relations  seems  to 
have  escaped  attention. 

CLIMATIC  CHANGES  DUE  CHIEFLY  TO  TEMPERATURE 

In  the  discussion  of  the  relations  of  climate  to  erosion  the  char- 
acteristics of  weathering  in  hot  and  cold  climates  were  discussed. 
Under  the  present  topic  of  the  relations  of  climate  to  transportation 
it  need  only  be  said  that  a  cooler  cUmate,  by  producing  less  evapora- 
tion, will  alone  serve  to  increase  the  percentage  run-ofif  of  the  river 
systems.  A  change  from  a  temperate  to  a  rigorous  climate  tends,  there- 
fore, not  only  to  increase  the  amoimt  of  waste  given  to  the  river  in  its 
upper  portion,  but  will  result  to  some  extent  in  an  increase  of  the 
coarseness  and  quantity  of  material  carried  through  to  the  delta.  A 
change  from  a  temperate  to  a  hot  cUmate  on  the  other  hand  will  tend 
to  diminish  the  percentage  of  run-off,  and  with  it  the  coarseness  of  the 
waste  which  is  transported.  Provided  that  the  waste  becomes  finer, 
however,  from  greater  decomposition,  the  quantity  carried  by  the 
stream  may  not  be  decreased.  At  the  headwaters  the  amoimt  of 
waste  is  presumably  increased  by  more  intense  insolation  or  more 
rapid  decomposition  over  the  conditions  of  a  milder  climate,  tending 
to  build  piedmont  slopes. 

Oscillations  to  climatic  extremes  of  any  sort  may,  therefore,  be 
considered  to  accelerate  rock  destruction,  but  only  oscillations  toward 
a  more  concentrated  or  voluminous  rainfall  or  toward  marked  cool- 
ness of  climate  will  result  over  the  regions  of  distant  deltas  and  epicon- 
tinental seas,  in  an  increased  quantity  or  coarseness  of  deposit. 

Conclusion 

conglomerates  and  sandstones  of  marine,  tectonic,  and 
climatic  origin 

Summing  up  the  preceding  discussion  it  is  to  be  concluded  that 
conglomerates  and  sandstone  formations  intercalated  between  others 
of  different  nature  may  be  due  to  three  distinct  causes : 
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First,  marine  conglomerates  and  sandstones. — Due  to  marine  plana- 
tion  and  transportation,  enabled  to  reach  wide  horizontal  extent  over 
shallow  seas  through  crustal  movements  shifting  the  zone  of  wave  and 
current  action. 

Second,  tectonic  conglomerates  and  sandstones. — Due  to  subaerial 
erosion  owing  to  a  steepening  of  the  river  slopes,  either  from  moimtain 
making,  crustal  warping,  or  subsidence  of  the  ocean  level. 

Third,  climatic  conglomerates  and  sandstones. — Due  to  climatic 
change  without  necessarily  any  new  accompanying  crustal  deformation. 
In  distant  periods,  when  the  change  has  been  of  such  a  nature  that  the 
accumulations  of  gravel  and  sand  were  local  and  deposited  near  the 
sources  of  the  material  there  is  less  probability,  on  account  of  the 
smaller  original  area  and  its  higher  level  of  deposition,  of  such  being 
observed,  or  separated  and  distinguished  from  deposits  of  purely 
tectonic  origin  made  by  erosion  during  a  period  of  stable  climate. 
When  the  change  was  of  such  a  nature,  however,  either  to  a  more 
rainy  or  colder  climate,  that  the  pebbly  or  arenaceous  detritus  was 
swept  forward  for  hundreds  of  miles  from  previous  sources  of  erosion 
and  accumulation,  formations  which  may  be  described  as  great  sand- 
stone plates  must  have  resulted,  intercalated  between  others  of  a  finer 
and  more  argillaceous  nature,  conspicuous  in  the  geologic  column  both 
from  their  areal  extent  and  their  physical  contrast;  a  contrast  due  to 
the  climatic  change  operating  in  the  region  of  deposition  as  well  as 
influencing  the  character  of  the  transportation.  Applying  this  prin- 
ciple lo  the  geologic  past,  if  the  sections  made  by  nature  across  the 
deposits  of  ancient  deltas  or  shallow  seas  indicate  a  periodical  fluctua- 
tion in  kind  and  in  coarseness  of  sediment,  and  if  such  variations  can 
be  correlated  on  other  grounds  with  climatic  changes  of  the  proper 
nature,  it  is  the  simpler  hypothesis  to  hold  that  the  latter  and  not 
repeated  synchronous  deformations  have  been  the  causes  of  the 
changes  in  sedimentation. 

In  the  history  of  geologic  science  it  is  to  be  noted  that  to  marine 
action  was  once  ascribed  the  greater  part  of  planation  of  the  land  and 
the  formation  of  conglomerates  and  sandstones  from  the  dAris;  a 
natural  stage  in  geologic  theory,  when  it  is  considered  that  the  earth 
science  developed  most  largely  upon  the  northwestern  shores  of  Europe 
where  there  is  a  maximum  of  coast  line,  of  coastal  erosion,  and  of 
shallow  sea.     An  awakened  appreciation,  however,  by  the  following 


iEUQTlZilJB^BSn 


K  MoN- 
'J  SUESS. 

».'ips,  and 

oi  Armand 

ages  written 

Les  tremUe- 

rk  grew  out 

Mr  a  branch 

vurk,  Seismic 

fyle  with  and 

'  niber,  [907,  or 

smik  Geography. 

iie  earth's  surface 

tiian  170,000  were 

shocks  graded  and 

hill  province  the  distri- 

■nvcd  method,  and  maps 

I. ecu  vbited  by  important 

r.     Further,  the  geological 

mI  lIic  relation  of  the  so-called 

a^  pLtinted  out. 

nology  in  all  its  aspects,  and  is 
uvc  most  authoritative  work  upon 
Dr.  de  Montessus  is  an  omniverous 
rature  of  the  science,  and  in  addition  to 
the  scientific  world,  he  has  brought  to 
[^  number  of  others,  notably  Italian,  Spanish, 
as  well  as  to  the  long  period  during  which 
ta  that  the  comprehensiveness  and  the  broad 
to  be  ascribed*  If  the  data  of  seismology 
fmblingj  the  advance  of  the  science  is  all  com- 
rief  and  recent  period.  The  present  is,  in  conse- 
ion  as  regards  both  the  methods  of  study  and  the 

38s 


384  STUDIES  FOR  STUDENTS 

only,  but  ultimately  great  changes  take  place  separating  earth  histor\- 
into  its  periods  and  eras  and  giving  to  each  an  individual  character. 

Marine  conglomerates  and  sandstones,  but  especially  conglomer- 
ates restricted  to  those  whose  material  is  obtained  and  sorted  by  the 
waves  and  transported  by  bottom  currents,  where  widely  developed 
and  intercalated  between  unlike  formations,  are  indicative  of  broad 
movements  of  the  beach  line ;  that  is,  of  the  changing  relations  of  land 
and  sea. 

Tectonic  conglomerates  and  sandstones  are  of  subaerial  origin  and 
result  from  vertical  earth  movements^  ultimately  from  either  horizontal 
or  vertical  forces.  To  separate  them  sharply  from  climatic  con- 
glomerates and  sandstones,  the  climate  is  supposed  to  be  unchanging 
during  the  progress  of  the  following  erosion. 

Climatic  conglomerates  and  sandstones  are  also  of  subaerial  and 
fluviatile  origin,  but  owe  their  contrasts  with  the  superior  and  inferior 
formations  to  climatic  and  not  tectonic  changes.  To  separate  them 
clearly  from  deposits  of  tectonic  origin  earth  movements  must  be  sup- 
posed quiescent  while  climatic  variations  of  greater  or  less  degree  are 
supposed  to  occur,  resulting  in  changes  of  the  sedimentary  facies  and 
in  shiftings  of  the  regions  of  deposit  of  that  land  waste  which  arises 
primarily  through  the  contest  of  tectonic  and  atmospheric  forces. 
Where  the  climatic  changes  have  been  great  and  rapid,  the  nature  of 
the  erosion  may  be  so  changed  and  the  regions  of  deposit  so  widely 
shifted  that  these  climatic  variations  may  be  the  cause  of  the  most 
striking  differences  between  formations.  Climatic  conglomerates  and 
sandstones  are  here  made  distinct  and  independent  from  those  of  tec- 
tonic origin  by  the  taxonomic  elevation  of  the  shifting  location  of 
deposits  (in  space)  to  co-ordinate  importance  with  intermittent  uplijt 
and  resulting  pulses  of  erosion  (in  time) . 

Changes  in  volume  of  ocean  waters,  earth  movements,  and  atmos- 
pheric activities  are  the  three  mixed  and  fundamental  causes  by  which 
the  three  classes  of  deposits  become  possible,  but  the  records  which 
they  embody  are  largely  distinct  and  independent.  By  separating 
conglomerates  and  sandstones  into  these  three  classes  the  sedimentary 
rocks,  therefore,  present  a  threefold  record,  the  marine  conglomerates 
giving  that  of  the  variable  relations  of  land  and  sea;  the  tectonic 
conglomerates,  the  record  of  variable  vertical  uplifts;  the  climatic 
conglomerates,  the  record  of  variable  temperature  and  rainfall. 


Reviews 


La  science  sHsmologique:  les  iremblements  de  ierrc.  By  F.  de  Mon- 
TESSUS  DE  Ballohe,  with  an  Introduction  by  Eduard  Suess. 
Paris:  Armand  Colin,  1907.  Pp.  579,  222  figures,  maps,  and 
plates. 

In  the  month  of  January,  1906,  there  came  from  the  press  of  Armand 
G)lin  in  Paris  an  illustrated  monograph  of  some  five  hundred  pages  written 
by  the  Coimt  de  Montessus  de  Ballore  and  bearing  the  title,  Les  tremble- 
merUs  de  terre:  giographie  sHsmologique.  This  important  work  grew  out 
of  almost  a  lifetime  of  labor  and  has  laid  the  foundations  for  a  branch 
of  seismological  science  well  described  in  the  subtitle  of  the  work,  Seismic 
Geography.  The  present  volume,  which  is  imiform  in  style  with  and 
somewhat  larger  than  its  forerunner,  was  issued  in  December,  1907,  or 
less  than  two  years  subsequent  to  the  appearance  of  the  Seismic  Geography, 

The  earlier  volume  discussed  the  distribution  upon  the  earth's  surface 
of  all  recorded  earthquake  shocks,  of  which  no  less  than  170,000  were 
brought  under  consideration.  Not  only  were  these  shocks  graded  and 
compared  by  earthquake  provinces,  but  within  each  province  the  distri- 
bution of  seismicity  was  studied  by  a  newly  derived  method,  and  maps 
were  prepared  on  which  all  places  which  had  been  visited  by  important 
shocks  were  placed  in  relation  with  one  another.  Further,  the  geological 
structure  of  each  district  was  inquired  into  and  the  relation  of  the  so-called 
epicenters  to  lines  of  fracture  and  faulting  was  pointed  out. 

The  new  volume  is  a  treatise  upon  seismology  in  all  its  aspects,  and  is 
at  once  the  most  comprehensive  and  the  most  authoritative  work  upon 
the  subject  which  has  yet  appeared.  Dr.  de  Montessus  is  an  omniverous 
and  very  careful  reader  of  the  literatiure  of  the  science,  and  in  addition  to 
the  three  principal  languages  of  the  scientific  world,  he  has  brought  to 
his  aid  a  reading  knowledge  of  a  number  of  others,  notably  Italian,  Spanish, 
and  Russian.  It  is  to  this  fact  as  well  as  to  the  long  period  during  which 
he  has  been  collecting  the  data  that  the  comprehensiveness  and  the  broad 
perspective  of  the  work  are  to  be  ascribed.  If  the  data  of  seismology 
have  been  long  in  the  assembling,  the  advance  of  the  science  is  all  com- 
prised within  a  notably  brief  and  recent  period.  The  present  is,  in  conse- 
quence, a  time  of  transition  as  regards  both  the  methods  of  study  and  the 
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fundamental  theories  of  seismology.  Stismological  Science  is  f (X-  all  these 
reasons  a  work  to  which  the  future  student  will  often  be  compelled  to 
refer. 

The  centrum  or  volcanic  theory  of  earthquakes  wiiidi  has  so  long  held 
the  stage  is  here  relegated  to  the  lumber-room  of  the  science,  and  for  it 
is  substituted  the  conception  that  earth  shocks  are  directly  due  to  a  mutual 
adjustment  of  sections  (''compartments")  of  the  earth's  crust  which  are 
moved  individually  like  blocks  between  the  faults  whidi  bound  them. 
This  new  view-point  is  made  the  keynote  of  the  entire  wcvk,  and  again 
and  again  in  the  pages  of  Seismclogical  Science  it  is  pointed  out  how  facts 
before  unintelligible  or  in  direct  conflict  with  others  are  now  for  the  fiirst 
time  explained  and  brought  into  harmony.  To  this  view  Professor  Suess 
has  given  his  indorsement  in  the  preface,  where  he  has  used  the  following 
language: 

Seismic  studies  have  passed  by  the  same  halting-f^aces  as  the  other  branches 
of  our  knowledge.  And  if,  in  order  to  reach  some  summit  of  our  great  moun- 
tain chains,  the  Alpinist  crouches  upon  a  rock,  not  akme  for  the  purpose  of  rest- 
ing but  that  he  may  launch  himself  to  greater  heists  after  he  has  regained  his 
breath;  so  seismology  started  out  from  a  simj^e  and  perfecdy  schematic  con- 
ception, that  of  the  epicenter,  the  point  of  the  earth's  surface  from  which  the 
earthquake  seemed  to  emanate,  and  all  efforts  were  directed  toward  fixing  the 
position  of  this  ideal  geometric  point;  today  seisnK>logy  rejects  this  conception 
as  too  much  simplified  and  valuable  only  for  the  shocks  due  to  volcanic  explo- 
sions, in  order  that  it  may  rise  to  that  of  mutual  adjustments  within  the  design 
of  the  terrestrial  marquetry. 

De  Montessus'  classification  of  earthquakes  is  into  macroseisms  or 
sensible  earthquakes,  mkroseisms  or  unfelt  earthquakes  registered  by 
instruments,  and  megaseisms  or  destructive  earthquakes;  and  each  of 
these  is  treated  in  a  separate  part  of  the  work.  Considerable  confusion 
now  exists  as  to  the  interpretation  of  the  terms  macroseisms  and  micro- 
seisms,  and  the  reviewer  is  of  the  opinion  that  Milne's  usage,  making  macro- 
seisms the  more  destructive  earthquakes  and  microseisms  the  weaker 
shocks,  is  better  supported  by  derivation  and  practicability  alike,  though 
the  other  view  has  perhaps  the  larger  following.  In  the  Count's  usage  a 
microseism  is  a  megaseism  examined  at  a  distance.  The  term  microseism 
as  applied  by  de  Montessus  is  also  likely  to  be  further  confused  with  those 
pulsational  movements  of  pendulums  which  arise  from  causes  other  than 
those  which  produce  earthquakes. 

It  is  impossible  in  a  brief  review  like  the  present  to  discuss  the  many 
subjects  which  are  treated  in  this  most  important  monograph.     It  will  be 
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interesting  to  recall  that  de  Montcssus'  interest  in  earthquakes  was  first 
awakened  when  he  was  a  resident  in  Central  America  giving  instruction 
in  military  science.  The  greater  part  of  his  work  has,  however,  been 
accomplished  in  France  as  a  major  of  artillery,  for  much  of  the  time  upon 
recruiting  service.  The  last  proofs  of  the  present  work  he  revised  in 
South  America,  where  he  now  directs  the  seismological  service  of  the 
Republic  of  Chili.  W.  H.  H. 


Research  in  China.    Vol.  I,  Pt.  I:    Descriptive  Topography  and 
Geology.    By  Bailey  Willis,  Eliot  Blackwelder,  and  R.  H. 
Sargent.    Vol.  I,  Pt.  II:  Petrography  and  Zoology.    By  Eliot 
Blackwelder;    Syllabary  of  Chinese  Sounds,  by  Friedrich 
HiRTH.    Vol.   II:    Systematic  Geology.     By   Bailey  Willis; 
Atlas,  by  R.  H.  Sargent.    Washington,  D.  C. :  Carnegie  Insti- 
tution, 1907. 
These  sumptuous  volumes  constitute  a  monumental  contribution  to 
Asiatic  geology.     They  are  signal  productions  not  only  in  their  substance 
and  form,  but  in  the  fact  that  they  are  a  gift  of  productive  industry  to  pro- 
gressive science,  and  a  tribute  of  one  of  the  newest  phases  of  civilization  to 
one  of  the  oldest.    They  give  expression  also  to  a  departure  from  inherited 
methods  in  that,  though  the  work  was  circumscribed  by  limitations  of  time 
and  means,  and  confessedly  but  expeditional,  it  was  given  a  high  degree 
of  maturity  so  far  as  it  went,  with  the  definite  expectation  that  other  mature 
work,  by  some  competent  organization,  will  be  duly  fitted  on  to  it  on  either 
hand.     The  territory  attempted  was  mapped  topographicaUy  as  well  as 
geologically,  and  both  with  a  degree  of  fidelity,  so  far  as  one  can  judge,  com- 
parable to  that  of  an  official  survey  of  the  better  order.     The  limitations  of 
any  survey  made  by  such  an  expedition  are  necessarily  great,  but  there  is 
ground  to  believe  that,  in  this  case,  these  are  chiefly  limitations  of  area  merely. 
The  groimd  covered  embraced  a  selected  tract  in  the  province  of  Shan- 
timg  in  northeastern  China,  chosen  because  of  its  Cambro-Ordovician 
terranes,  and  a  strip,  of  rather  wandering  course,  reaching  from  the  prov- 
ince of  Chili  in  north-central  China  westward  and  southward  and  then 
southeastward,  through  the  provinces  of  Shan-si,  Shen-si,  and  Hu-pei, 
terminating  at  the  lower  cafion  of  the  Yang-tsl-kiang.    The  formations 
involved  range  through  the  whole  geological  colunm,  but  the  more  notable 
phenomena  brou^t  to  attention  are  those  of  the  Cambro-Ordovician,  the 
Siluro-Devonian,  the  Carboniferous,  and  the  Tertiary-Quaternary.    These 
are  treated  descriptively  in  Vol.  I,  and  systematically  and  philosophically 
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in  Vol.  II.    The  deEcripdve  contributions  of  Blackwelder  are  an  important 

factor  of  the  investigation  and  give  evidence  at  once  of  fidelity  and  skiU.  The 
systematic  and  philosophic  treatment  by  Willis  presents  in  lucid  form  the 
larger  deductions  of  the  investigation,  embracing  at  once  the  stradgraphic,  the 
physiographic,  and  the  dynamic.  Although  the  order  selected  for  presenta- 
tion in  these  volumes  is  the  natural  and  logical  one,  some  will  find  it  service- 
able to  read  the  systematic  simunation  and  the  salient  conclusions  of  Vol. 
II  first  and  seek  the  details  on  which  they  are  based  afterward. 

The  previous  work,  of  Richthofen,  Pumpelly,  and  others  have  given  us 
some  familiarity  with  the  stratigraphic  series  of  central  China,  and  have 
thus  taken  the  flavor  of  freshness  from  some  of  the  important  lines  of  this 
research,  but  new  features  of  critical  interest  have  been  brou^t  forth  by 
this  investigation,  more,  indeed,  than  could  have  been  anticipated,  and 
some  of  these  are  distinct  surprises.  The  analysis  of  the  deformations  by 
physiographic,  as  well  as  stratigraphic  methods,  and  the  determination  of 
geological  stages  by  the  former  method  are  among  the  most  notable  contri- 
butions. These  cannot  be  reviewed  in  detail  here,  nor  would  it  be  best  if 
practicable,  since  they  can  be  appreciated  at  their  full  value  only  by  reading 
at  length  the  elegant  verbal  and  graphic  expositions  which  they  have  re- 
ceived at  the  hands  of  an  artist  at  once  with  j)en,  pencil,  and  camera. 

Perhaps  the  most  startling  and,  in  many  respects,  the  most  significant  of 
the  results  of  the  investigation  was  the  discovery,  on  the  Yang-tsl-kiang,  in 
about  the  latitude  of  New  Orleans,  of  a  thick  glacial  deposit  lying  below  the 
trilobite  horizon  of  the  Lower  Cambrian.  This  discovery,  supported  by 
evidences  of  similar  formations  at  approximately  the  same  horizons,  as  it 
would  appear,  in  distant  parts  of  the  earth,  added  to  Coleman's  recent 
determination  of  a  still  earlier  glacial  formation  at  the  base  of  the  Huronian 
in  North  America,  and  supported  by  the  general  deductions  from  cosmo- 
gonic  and  physical  data  that  have  recently  been  advanced,  makes  it  clear 
that  a  radical  reversal  of  ancestral  ideas  as  to  atmospheric  evolution  and 
early  climatic  history  is  upon  us. 

The  admirable  topographic  work  of  Sargent  furnishes  an  excellent  basis 
for  the  stratigraphic  mapping  and  the  physiographic  induction. 

T.  C.  C. 

Glaciers  of  the  Canadian  Rockies  atid  Selkirks,     By  William  Hit- 
tell  Sherzer.     Smithsonian  Institution,  1907.  Quarto,  pp.  135. 
This  elegant  volume  gives  the  results  of  a  systematic  examination  of 
the  Victoria  and  Wenkchemna  glaciers  in  Alberta  and  of  the  Yoho,  Asulkan, 
and  Illecillewiet  glaciers  in  British  Columbia.    The  study  embraced  the 
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surface  features  of  these  glaciers,  the  nature  of  the  ice  movement,  the 
temperature  of  the  ice  at  various  depths  and  its  relations  to  the  air  tem- 
peratures, the  amoimt  of  sxuiace  melting,  the  possible  transference  of 
materia]  from  the  surface  portion  to  lower  portions,  the  rates  of  movement, 
the  advances  and  recessions  of  the  glacial  extremities,  and  the  structure 
of  the  ice.  There  is  an  accessory  discussion  of  the  physiographic  changes 
of  the  region  in  Pleistocene  and  earlier  times. 

The  points  that  stand  out  most  in  the  discussion  are  those  which  relate 
to  the  precipitation  of  snow  and  rain,  the  effects  of  climatic  cycles  on 
glacial  movements,  the  stratification  and  granulation  of  the  ice,  its  shear- 
ing planes,  blue  bands,  and  the  possible  methods  of  their  development. 
A  notable  result  is  the  demonstration  by  daily  measurements  of  the  shear- 
ing of  layers  of  ice  over  one  another,  a  phenomenon  announced  by  Cham- 
berfin  as  a  result  of  his  Greenland  observations,  but  questioned  by  Russell 
and  others.  The  conclusions  relative  to  glacial  movement  lie  essentially 
in  the  lines  toward  which  the  more  critical  recent  studies  by  different 
investigators  seem  to  be  quite  surely  tending,  a  composite  mode  of  motion 
embracing  as  factors  of  varjdng  efficiency  granular  growth,  granular  inter- 
movement,  shearing  of  the  sliding  planes  of  the  ice  crystals,  and  shearing  of 
the  glacial  layers  over  one  another.  An  unsatisfactory  flavor  is  given  this  by 
an  effort,  italicized  as  though  important,  to  make  plasticity  mean  some- 
thing which  plasticity  does  not  usually  mean,  for  no  other  apparent  reason 
than  to  jxistify  the  retention  of  an  old  term  which  is  likely  to  be  either 
misleading  or  meaningless.  The  movement  of  the  gb'ding  planes  of  an 
ice  crystal  over  one  another  is  a  plastic  movement  only  in  the  forced  sense 
that  the  sliding  of  cards  in  a  pack,  or  of  boards  in  a  lumber  pile,  is  a  plastic 
movement,  and  such  a  movement  is  better  caUed  something  else. 

The  work  is  very  amply  illustrated  by  excellent  photographs  and  maps, 
and  is  an  important  contribution  to  glacial  science. 

T.  C.  C. 


The  Fauna  0}  the  Salem  Limestone  0}  Indiana.     By  E.  R.  Cumings, 

J.  W.  Beede,  E.  B.  Branson,  and  Essie  A.  Smith.    Thirteenth 

Annual  Report  of  the   Department  of  Geology  and  Natural 

Resources  of  Indiana,  1906.    Pp.  1187-1487,  47  plates. 

The  Salem  limestone  of  Indiana  is  known  generally  to  geologists  and 

business  men  as  the  Bedford  limestone,  receiving  its  name  from  the  town  at 

which  are  located  so  many  of  the  large  quarries  of  this  formation;  but  the 

name  was  preoccupied  when  given  to  this  limestone,  since  Bedford  had 


aJueady  been  used  by  Dr.  Newberry  for  one  of  the  important  formations 
of  OKio,  Several  years  ago  the  Indiana  formation  was  renamed  the  Salem 
limestone  by  Dr.  Ciimings  fn>m  another  town  in  the  Indiana  district  where 
the  formation  is  also  well  shown. 

The  introduction  to  the  report,  written  by  Doctors  Cumings  and  Beede, 
gives  an  interesting  account  of  the  occurrence  of  this  fauna  as  well  as  of 
the  localities  at  which  it  is  most  abundant.  This  formation  occurs,  strati- 
graphically,  near  the  base  of  the  Mississippian  series  of  Indiana^  resting 
in  the  northem  part  of  its  outcrop  on  the  basal  limestone  of  the  Indiani 
Mississippian^known  as  the  Harrodsburg— and,  in  a  large  portion  of  its 
southern  outcrop,  upon  a  shale.  The  formation  is  said  to  be  rather  len- 
ticular in  its  occurrence,  pinching  out  at  two  known  localities,  attaining  a 
thickness  of  fifty  or  sixty  feet  in  the  vicinity  of  Bedford  where  It  is  typicallj 
de%'eloped,  oolitic  or  semi-oolitic  in  structure^  and  frequently  cross-becfded 
In  their  typical  development  the  fossils  are  characterized  by  their  stunte<3 
form  and  extreme  abundance.  The  authors  state  that  ^*  the  cross-beddin| 
of  tlie  rock,  its  water* worn  fossils,  the  fact  that  they  are  stiinted,  and  th< 
oolitic  or  serai -oolitic  character  of  the  rock,  w^herever  typically  developed 
prechide  the  idea  of  its  pelagic  origin  and  argue  forcibly  in  favor  of  i 
semi-littoral  or  lagoonal  origin^  as  is  also  indicated  by  its  broadly  lenticula^ 
occurrence 

"  In  general  the  gastropods  and  brachiopods  found  in  the  Salem  lime 
stone  are  forms  indicative  of  shallow  conditions,  such  forms  as  migh 
inhabit  coral  reefs  and  lagoons  where  there  is  considerable  agitation  of  th< 
water."  This  part  of  the  report  is  illustrated  by  five  half-tones  giving  views 
of  characteristic  exposures  of  the  limestone  and  a  sixth  plate  showing  a 
slab  of  the  fossiliferous  limestone  from  Bloomington. 

The  greater  part  of  the  report,  however,  is  devoted  to  a  systematic 
description  of  the  fossils  of  this  limestone  which  are  here,  for  the  first  time, 
brought  together,  described,  and  illustrated  in  one  work.  As  might 
naturally  be  expected,  it  contains  a  description  of  a  considerable  number  of 
new  varieties  and  species,  and  it  is  stated  that,  "The  larger  part  of  the  time 
was  spent  in  the  study  of  the  corals,  bryozoans,  etc.,  not  represented  in 
the  works  of  Hall  and  Whitfield."  The  descriptions  of  the  Protozoa, 
Pentremites,  Echinoderma,  Vermes,  Brachiopoda,  and  Pelecypoda  are  by 
Dr.  Beede.  Miss  Essie  A.  Smith  contributes  an  interesting  paper  on  the 
'*  Development  and  Variation  of  Pentremites  conoideus,''^  in  the  closing  part 
of  which  she  discusses  the  ''dwarfing  of  the  fauna  of  the  Salem  limestone." 
Miss  Smith  states  that  this  limestone  *'was  probably  laid  down  in  a  lagoon 
or  partially  enclosed  sea,  and  the  dwarfing  of  the  fauna  was  p>erhaps  due  in 
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part  to  the  smallness  of  the  body  of  water  and  to  an  overcrowding."  It 
is  also  noted  that  the  increased  number  of  poral  pieces  connected  with  the 
hydrospires,  which  are  regarded  as  the  respiratory  organs  of  Pentremites, 
''would  indicate  an  effort  of  the  animal  to  adapt  itself  to  a  depletion  of 
oxygen  in  this  ancient  sea." 

The  descriptions  of  the  Bryozoa  and  Gastropoda  including  Crustacea 
are  by  Dr.  Cumings.  The  Bryozoa  come  from  the  top  of  the  formation  in 
an  exceedingly  soft,  loose-grained,  and  greatly  decomposed  limestone,  in 
which  they  are  beautifully  preserved.  It  is  stated  that,  **  Very  few  Bryozoa 
have  ever  been  described  from  the  famous  oolitic  limestones  of  Indiana," 
and  that,  "No  better  preserved  fossils  have  ever  been  studied  by  the  writer 
than  these  exquisite  Fenestellids  and  other  Bryozoa  from  the  Dark  Hollow 
quarries  of  Bedford."  The  descriptions  of  the  Vertebrates,  which  consist 
of  fish  remains,  were  prepared  by  Professor  Branson,  of  Oberlin  College. 
This  portion  of  the  monograph  is  illustrated  by  forty-two  plates  which  in 
their  reproduction  leave  something  to  be  desired,  as  is  frequently  the  case 
in  the  illustrations  of  the  fossils  contained  in  the  reports  of  state  geological 
surveys  similar  to  that  of  Indiana. 

C.  S.  P.    . 


Evidences  0}  a  Coblenzian  Invasion  in  the  Devonic  0}  Eastern  America. 
By  John  M.  Clarke.  Festschrift  zum  siebzigsten  Geburtsiage 
von  Adolf  V.  Koenen,  pp.  359-68. 

Dr.  Clarke  has  devoted  a  portion  of  each  of  several  recent  summers  to 
the  field  examination  and  coUection  of  fossils  of  the  Devonian  formations  of 
eastern  Canada.  In  connection  with  this  investigation  he  has  critically 
studied  the  Devonian  faunas  of  Gaspd  in  eastern  Quebec,  Dalhousie  in 
northern  New  Brunswick,  and  those  of  the  eastern  and  central  portions  of 
Maine,  and  this  paper  contains  a  preliminary  statement  of  the  results  which 
have  been  obtained.  It  will  be  remembered  that  the  Lower  Devonian  of 
central  Europe  has  generally  been  divided  into  two  terranes,  of  which  the 
Gedinnian  is  the  older  and  the  Coblenzian  the  younger. 

It  is  stated  that  in  Gaspd  the  Lower  Devonian  faunas  are  singularly 
profuse  and  are  contained  in  a  series  of  limestones  reaching  an  approximate 
thickness  of  1,500  feet.  These  limestones  rest  unconformably  on  Cambrian 
slates  and  have  been  divided  into  three  terranes.  The  lowest  one  has  been 
called  the  St.  Alban  beds  by  Dr.  Clarke  and  its  fauna  **is  an  almost  pure 
strain  of  the  Helderbergian  (especially  Coeymans  limestone  and  New 
Scotland  beds)  of  New  York."  The  middle  division  is  the  Cape  Bon  Ami 
beds  with  a  sparse  fauna  which,  however,  has  a  similar  relationship  to  that 
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of  the  lowest  beds.  The  top  division  is  the  Grande  Gr^ve  limestone  which 
is  ''the  seat  of  a  profuse  fauna  with  very  strong  Oriskany  traits  conunin^ 
with  features  of  still  later  age."  The  species  indicating  later  age  are  stated 
to  be  such  as  might  be  paralleled  with  members  of  the  Onondaga  f aima  of 
New  York  in  an  incipient  stage  of  development,  and  present  evidence  of  an 
earlier  stage  than  that  of  the  Onondaga.  It  is  noted  that  certain  species  of 
this  fauna  occur  in  a  very  different  facies  than  in  New  York  since  "the  large, 
heavy-valved  species  of  brachiopxKls  which  characterize  the  loose  and 
coarse  sandy  deposits  of  the  Oriskany  in  central  New  York  here  occur  with- 
out diminution  of  size  or  essential  change  of  structure  in  entirely  pure 
limestone  deposits,"  and  Hipparionyx  proximus,  Spirifer  arenosus,  and 
Renssdaeria  ovoides  are  mentioned  as  examples.  It  is  stated  that  during 
Devonian  time: 

The  ondence  is  complete  of  an  unimpeded  passage  and  migration  [from  this 
region]  southwestward  into  the  Appalachian  basin  of  New  York  and  of  entire 
isolation  from  any  communication  far  enough  to  the  east  to  register  itself  in  the 
transatlantic  faunas.  The  succession  and  trend  of  outcrops  of  all  paleozoic  forma- 
tions from  New  York  eastward  to  the  Gulf  of  St.  I^awrence,  a  distance  of  600 
miles,  conve\'s  the  impression  that  the  deposits  in  question  were  laid  down  in  a 
rclatiNTly  narrow  channel  bounded  by  Appalachian  folds  of  the  older  land  and 
this  impa*ssion  is  fortified  by  the  detailed  study  of  this  fauna  and  of  the  almost 
denuded  [itches  of  paleozoics  l)-ing  in  the  region  between. 

At  Dalhousie  on  the  upper  reaches  of  the  Bay  of  Chaleur  "is  an  isolated 
series  of  soft  calcareous  shales  with  interbedded  contemporaneous  effusives." 
Dr.  Clarke  states  that  he  has  determined  about  seventy  species  which  may 
be  used  in  comparison  and  correlation  with  other  faunas.  Nearly  one-half 
of  these  are  identical  or  affiliated  with  the  Helderbergian  fauna  of  the  Appa- 
lachian gulf  and  a  few  of  them  are  also  present  in  the  St.  Alban  beds  of  the 
Gasp^  section.  The  pelecypod  element  shows  a  noticeable  affinity  with 
that  of  the  Coblenzian,  which  is  indicated  by  certain  positive  identifications 
as  Pterinea  pseudolaei*is  and  Carydium  gregarium.  Only  a  few  species  of 
the  brachiopods,  however,  can  be  referred  to  the  European  rather  than 
the  American  type. 

In  Aroostook  County  in  northeastern  Maine  are  the  Chapman  sand- 
stones which  occur  in  two  separate  localities,  one  covering  the  upper  reaches 
of  Presqu^isle  stream  and  the  other  known  as  Edmund's  hill.  The  faunas 
of  the  two  legalities,  however,  show  a  decided  difference  since  in  a  total 
of  seventy-two  probable  species,  forty-nine  constitute  the  Edmund's  hill 
fauna  and  twenty-five  that  of  the  Presqu'isle  stream,  while  but  two  species 
are  common  to  both  outcrops.    The  two  faunas,  however,  are  united  by 
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the  affinities  of  each  with  the  Coblenzian  faunas  with  which  they  show  the 
closest  agreement,  which  consists  of  three  identical  species  and  twenty-seven 
affiliated  ones,  while  the  next  nearest  is  with  the  Helderbergian  and  Oriskany 
of  the  Appalachian  gulf  with  eight  identical  and  thirteen  affiliated  species. 
Dr.  Clarke  concludes  that  "the  inference  is  unavoidable  that  the  predomi- 
nating influence  expressed  in  the  Chapman  congeries  is  that  of  the  trans- 
atlantic faunas  of  contemporary  age." 

Again  in  Piscataquis  and  Somerset  counties  in  northern  and  western 
Maine  to  the  west  of  Aroostook  County  are  beds  of  quite  fossiliferous  sand- 
stone and  sandy  shale.  This  fauna  comprises  about  seventy  species,  some 
of  which  are  identical  with  members  of  the  New  York  Oriskany  fauna,  as 
Renssdaeria  avoideSy  Spirifer  aretiosus,  Hipparianyx  proximus,  Rhipido- 
rnella  musculosa  (var.),  etc.;  others  which  are  not  identifiable  with  known 
members  of  contemporaneous  faunas;  and  finally  a  Coblenzian  contingent, 
which  enforces  and  supplements  that  appearing  in  Aroostook  County. 

As  a  result  of  these  studies  Dr.  Clarke  states  in  conclusion:  "The 
evidence  then  is  fairly  conclusive  that  during  the  period  represented  by  the 
Coblenzian-Oriskany  the  arenaceous  epicontinental  sediments  were  the 
ground  traversed  by  the  Coblenz  fauna  westward  along  the  North  Atlantic 

continent The  immigrant  fauna  taken  as  a  whole  is  the  direct 

descendant  of  the  Coblenzian  faunas,  changed  in  part  by  variation  and  by 
mutation,  and  hence  contemporary  therewith  only  in  the  sense  of  being 
homotaxial;  the  lines  of  passage  westward  through  the  regions  indicated  in 
New  Brunswick  and  Maine  were  courses  of  migration  only,  not  basins  of 
sequestration,  fertile  propagation,  and  dispersion  as  was  the  northern  or 
Gasp^  passage." 

C.  S.  P. 


Age  of  the  Pre-Volcanic  Auriferous  Gravels  in  California,  By  J.  S. 
DiLLER.  Proceedings  Washington  Academy  of  Sciences,  Vol. 
Vin,  pp.  405,  406.     February  13,  1907. 

The  age  of  the  auriferous  gravels  of  the  Sierra  Nevada  in  California  is  gener- 
ally given  as  late  Miocene  or  Pliocene.  This  conclusion  is  based  chiefly  on  fossil 
plants  and  a  few  animal  forms.  The  auriferous  gravel  period  in  all  probability 
was  a  long  one  and  no  considerable  part  of  its  flora  has  yet  been  connected  directly 
with  its  contemporaneous  marine  fauna  in  the  same  region. 

Mr.  Diller  has  recently  found  a  flora  of  ten  species,  determined  by  Dr. 
F.  H.  Knowlton,  in  beds  that  carry  a  large  and  definite  Eocene  marine 
fauna,  studied  by  Dr.  Wm.  H.  Dall.    Three  of  these  plants  occur  in  the 
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fundamental  theories  of  seismology.  Seismological  Science  is  for  all  these 
reasons  a  work  to  which  the  future  student  will  often  be  compelled  to 
refer. 

The  centrum  or  volcanic  theory  of  earthquakes  which  has  so  long  held 
the  stage  is  here  relegated  to  the  lumber-room  of  the  science,  and  for  it 
is  substituted  the  conception  that  earth  shocks  are  directly  due  to  a  mutual 
adjustment  of  sections  ("compartments")  of  the  earth's  crust  which  are 
moved  individually  like  blocks  between  the  faults  which  boimd  them. 
This  new  view-point  is  made  the  keynote  of  the  entire  work,  and  again 
and  again  in  the  pages  of  Seismological  Science  it  is  pointed  out  how  facts 
before  unintelligible  or  in  direct  conflict  with  others  are  now  for  the  first 
time  explained  and  brought  into  harmony.  To  this  view  Professor  Suess 
has  given  his  indorsement  in  the  preface,  where  he  has  used  the  following 
language: 

Seismic  studies  have  passed  by  the  same  halting-places  as  the  other  branches 
of  our  knowledge.  And  if,  in  order  to  reach  some  summit  of  our  great  moun- 
tain chains,  the  Alpinist  crouches  upon  a  rock,  not  alone  for  the  purpose  of  rest- 
ing but  that  he  may  launch  himself  to  greater  heights  after  he  has  regained  his 
breath;  so  seismology  started  out  from  a  simple  and  perfectly  schematic  con- 
ception, that  of  the  epicenter ,  the  point  of  the  earth's  surface  from  which  the 
earthquake  seemed  to  emanate,  and  all  efforts  were  directed  toward  fixing  the 
position  of  this  ideal  geometric  point;  today  seismology  rejects  this  conception 
as  too  much  simplified  and  valuable  only  for  the  shocks  due  to  volcanic  explo- 
sions, in  order  that  it  may  rise  to  that  of  mutual  adjustments  within  the  design 
of  the  terrestrial  marquetry. 

De  Montessus'  classification  of  earthquakes  is  into  macroseisms  or 
sensible  earthquakes,  microseistns  or  unfelt  earthquakes  registered  by 
instruments,  and  megaseisms  or  destructive  earthquakes;  and  each  of 
these  is  treated  in  a  separate  part  of  the  work.  Considerable  confusion 
now  exists  as  to  the  interpretation  of  the  terms  macroseisms  and  micro- 
seisms,  and  the  reviewer  is  of  the  opinion  that  Milne's  usage,  making  macro- 
seisms the  more  destructive  earthquakes  and  microseisms  the  weaker 
shocks,  is  better  supported  by  derivation  and  practicability  alike,  though 
the  other  view  has  perhaps  the  larger  following.  In  the  Count's  usage  a 
microseism  is  a  megaseism  examined  at  a  distance.  The  term  microseism 
as  applied  by  de  Montessus  is  also  likely  to  be  further  confused  with  those 
pulsational  movements  of  pendulums  which  arise  from  causes  other  than 
those  which  produce  earthquakes. 

It  is  impossible  in  a  brief  review  like  the  present  to  discuss  the  many 
subjects  which  are  treated  in  this  most  important  monograph.     It  will  be 
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"THE  OLDEST  KNOWN  REPTILE."— /50i?£Cr£5  PUNC- 
TULATUS  COPE 


S.  W.  WILLISTON 
The  University  of  Chicago 


Recently  M.  Thevenin  has  described  and  figured  a  very  interesting 
new  air-breather  from  the  Stephanian,  or  uppermost  Carboniferous, 
of  France,  under  the  name  Sauravus  costei,  referring  it  to  the  Reptilia. 
The  form,  of  small  size,  has  a  long  body,  probably  a  long  tail,  verte- 
brae with  persistent  notochord,  apparently  no  hypocentra,  single- 
headed  ribs  attached  intercentrally,  two  sacral  vertebrae,  ossified 
carpus  and  tarsus,  and  a  phalangeal  formula,  for  the  hind  feet  of 
2,  3,  4,  ?,  ?.  There  are  twenty-three  or  twenty-four  dorsal  vertebrae; 
the  humerus  shows  no  epicondylar  foramen;  the  tarsus  has  two  bones 
in  the  proximal  row,  a  centrale  and  four  distalia;  and  slender  ventral 
ribs  are  present.    The  author's  conclusions  are: 

En  rdsum^,  Sauravus  costei  du  Houiller  de  Blanzy  est  le  plus  ancien  Reptile 
trouv^  jusqu'k  present  en  France.  Malgr^  son  anciennet^,  il  est  d€\k  txhs  ^volu^, 
car  ses  membres  sont  k  peu  pr^  aussi  parfaits  que  ceux  des  Sauriens  actuels, 
quoique  la  coalescence  des  os  du  tarse  soit  moins  achev^e  que  chez  ces  der- 
niers.  II  a  pourtant  des  charact^res  primitifs;  par  ses  vert^bres  ensablier  k 
notochorde  continue  et  par  ses  cdtes  ventrales,  c*est  un  Rhynchoc^phale.  II 
doit,  jusqu'k  ce  que  son  crine  soit  connu,  6tre  provisoirement  plac6  dans  le  m^me 
ordre  que  FalaeohaUeria,  CaUibrachion,  KadaliosauruSy  qui  sont  d'&ge  un  peu 
plus  recent;  il  est  plus  perfectionn^  que  le  premier  de  ces  genres.' 

In  the  American  Naturalist  for  April,  1896,  Professor  Cope,  in  a 
discussion  of  the  Cotylosauria,  made  the  following  statement : 

»  AnnaUs  de  paUontologie  (1907),  Pt.  3,  p.  19. 
Vol.  XVI.  No.  5  395 
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fundamental  theories  of  seismology.  Seismdogical  Science  is  for  all  these 
reasons  a  work  to  which  the  future  student  will  often  be  compelled  to 
refer. 

The  centrum  or  volcanic  theory  of  earthquakes  which  has  so  long  held 
the  stage  is  here  relegated  to  the  lumber-room  of  the  science,  and  for  it 
is  substituted  the  conception  that  earth  shocks  are  durectly  due  to  a  mutual 
adjustment  of  sections  ("compartments")  of  the  earth's  crust  which  are 
moved  individually  like  blocks  between  the  faults  which  bound  them. 
This  new  view-point  is  made  the  keynote  of  the  entire  work,  and  again 
and  again  in  the  pages  of  Seismdogical  Science  it  is  pointed  out  how  facts 
before  unintelligible  or  in  direct  conflict  with  others  are  now  for  the  first 
time  explained  and  brought  into  harmony.  To  this  view  Professor  Suess 
has  given  his  indorsement  in  the  preface,  where  he  has  used  the  following 
language: 

Seismic  studies  have  passed  by  the  same  halting-places  as  the  other  branches 
of  our  knowledge.  And  if,  in  order  to  reach  some  summit  of  our  great  moun- 
tain chains,  the  Alpinist  crouches  upon  a  rock,  not  alone  for  the  purpose  of  rest- 
ing but  that  he  may  launch  himself  to  greater  heights  after  he  has  regained  his 
breath;  so  seismology  started  out  from  a  simple  and  perfecdy  schematic  con- 
ception, that  of  the  epicenter,  the  point  of  the  earth's  surface  from  which  the 
earthquake  seemed  to  emanate,  and  all  efforts  were  directed  toward  fixing  the 
position  of  this  ideal  geometric  point;  today  seismology  rejects  this  conception 
as  too  much  simplified  and  valuable  only  for  the  shocks  due  to  volcanic  explo- 
sions, in  order  that  it  may  rise  to  that  of  mutual  adjustments  within  the  design 
of  the  terrestrial  marquetry. 

De  Montessus'  classification  of  earthquakes  is  into  mucroseisms  or 
sensible  earthquakes,  microseisms  or  unfelt  earthquakes  registered  by 
instruments,  and  megaseisms  or  destructive  earthquakes;  and  each  of 
these  is  treated  in  a  separate  part  of  the  work.  Considerable  confusion 
now  exists  as  to  the  interpretation  of  the  terms  macroseisms  and  micro- 
seisms,  and  the  reviewer  is  of  the  opinion  that  Milne's  usage,  making  macro- 
seisms  the  more  destructive  earthquakes  and  microseisms  the  weaker 
shocks,  is  better  supported  by  derivation  and  practicability  alike,  though 
the  other  view  has  perhaps  the  larger  following.  In  the  Count's  usage  a 
microseism  is  a  megaseism  examined  at  a  distance.  The  term  microseism 
as  applied  by  de  Montessus  is  also  likely  to  be  further  confused  with  those 
pulsational  movements  of  pendulums  which  arise  from  causes  other  than 
those  which  produce  earthquakes. 

It  is  impossible  in  a  brief  review  like  the  present  to  discuss  the  many 
subjects  which  are  treated  in  this  most  important  monograph.     It  will  be 
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interesting  to  recall  that  de  Montessus'  intere3t  in  earthquakes  was  first 
awakened  when  he  was  a  resident  in  Central  America  giving  instruction 
in  military  science.  The  greater  part  of  his  work  has,  however,  been 
accomplished  in  France  as  a  major  of  artillery,  for  much  of  the  time  upon 
recruiting  service.  The  last  proofs  of  the  present  work  he  revised  in 
South  America,  where  he  now  directs  the  seismological  service  of  the 
RepubUc  of  ChUi.  W.  H.  H. 


Research  in  China.    Vol.  I,  Pt.  I:    Descriptive  Topography  and 
Geology.    By  Bailey  Willis,  Eliot  Blackwelder,  and  R.  H. 
Sargent.    Vol.  I,  Pt.  II:  Petrography  and  Zoology.    By  Eliot 
Blackwelder;    Syllabary  of  Chinese  Sounds,  by  Friedrich 
HiRTH,    Vol.   II:    Systematic  Geology.     By  Bailey  Willis; 
Atlas,  by  R.  H.  Sargent.    Washington,  D.  C. :  Carnegie  Insti- 
tution, 1907. 
These  sumptuous  volumes  constitute  a  monumental  contribution  to 
Asiatic  geology.    They  are  signal  productions  not  only  in  their  substance 
and  form,  but  in  the  fact  that  they  are  a  gift  of  productive  industry  to  pro- 
gressive science,  and  a  tribute  of  one  of  the  newest  phases  of  civilization  to 
one  of  the  oldest.    They  give  expression  also  to  a  departure  from  inherited 
methods  in  that,  though  the  work  was  circumscribed  by  limitations  of  time 
and  means,  and  confessedly  but  expeditional,  it  was  given  a  high  degree 
of  maturity  so  far  as  it  went,  with  the  definite  expectation  that  other  mature 
work,  by  some  competent  organization,  will  be  duly  fitted  on  to  it  on  either 
hand.     The  territory  attempted  was  mapped  topographically  as  well  as 
geologically,  and  both  with  a  degree  of  fidelity,  so  far  as  one  can  judge,  com- 
parable to  that  of  an  ofl5cial  survey  of  the  better  order.     The  limitations  of 
any  survey  made  by  such  an  expedition  are  necessarily  great,  but  there  is 
ground  to  believe  that,  in  this  case,  these  are  chiefly  limitations  of  area  merely. 
The  groimd  covered  embraced  a  selected  tract  in  the  province  of  Shan- 
tung in  northeastern  China,  chosen  because  of  its  Cambro-Ordovician 
terranes,  and  a  strip,  of  rather  wandering  course,  reaching  from  the  prov- 
ince of  Chili  in  north-central  China  westward  and  southward  and  then 
southeastward,  through  the  provinces  of  Shan-si,  Shen-si,  and  Hu-pel, 
terminating  at  the  lower  canon  of  the  Yang-tsl-kiang.    The  formations 
involved  range  through  the  whole  geological  column,  but  the  more  notable 
phenomena  brou^t  to  attention  are  those  of  the  Cambro-Ordovician,  the 
Siluro-Devonian,  the  Carboniferous,  and  the  Tertiary-Quaternary.    These 
are  treated  descriptively  in  Vol.  I,  and  systematically  and  philosophically 
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* 
in  Vol.  II.    The  descriptive  contributions  of  Blackwelder  are  an  important 

factor  of  the  investigation  and  give  evidence  at  once  of  fidelity  and  skill.  The 
systematic  and  philosophic  treatment  by  Willis  presents  in  lucid  form  the 
larger  deductions  of  the  investigation,  embracing  at  once  the  stradgraphic,  the 
physiographic,  and  the  dynamic.  Although  the  order  selected  for  presenta- 
tion in  these  volumes  is  the  natural  and  logical  one,  some  will  find  it  service- 
able to  read  the  systematic  sununation  and  the  salient  conclusions  of  Vol. 
II  first  and  seek  the  details  on  which  they  are  based  afterward. 

The  previous  work,  of  Richthofen,  Pumpelly,  and  others  have  given  us 
some  familiarity  with  the  stratigraphic  series  of  central  China,  and  have 
thus  taken  the  flavor  of  freshness  from  some  of  the  important  lines  of  this 
research,  but  new  features  of  critical  interest  have  been  brought  forth  by 
this  investigation,  more,  indeed,  than  could  have  been  anticipated,  and 
some  of  these  are  distinct  surprises.  The  analysis  of  the  deformations  by 
physiographic,  as  well  as  stratigraphic  methods,  and  the  determination  of 
geological  stages  by  the  former  method  are  among  the  most  notable  contri- 
butions. These  cannot  be  reviewed  in  detail  here,  nor  would  it  be  best  if 
practicable,  since  they  can  be  appreciated  at  their  full  value  only  by  reading 
at  length  the  elegant  verbal  and  graphic  expositions  which  they  have  re- 
ceived at  the  hands  of  an  artist  at  once  with  pen,  pencil,  and  camera. 

Perhaps  the  most  startling  and,  in  many  respects,  the  most  significant  of 
the  results  of  the  investigation  was  the  discovery,  on  the  Yang-tsl-kiang,  in 
about  the  latitude  of  New  Orleans,  of  a  thick  glacial  deposit  lying  below  the 
trilobite  horizon  of  the  Lower  Cambrian.  This  discovery,  supported  by 
evidences  of  similar  formations  at  approximately  the  same  horizons,  as  it 
would  appear,  in  distant  parts  of  the  earth,  added  to  Coleman's  recent 
determination  of  a  still  earlier  glacial  formation  at  the  base  of  the  Huronian 
in  North  America,  and  supported  by  the  general  deductions  from  cosmo- 
gonic  and  physical  data  that  have  recently  been  advanced,  makes  it  clear 
that  a  radical  reversal  of  ancestral  ideas  as  to  atmospheric  evolution  and 
early  climatic  history  is  upon  us. 

The  admirable  topographic  work  of  Sargent  furnishes  an  excellent  basis 
for  the  stratigraphic  mapping  and  the  physiographic  induction. 

T.  C.  C. 


Glaciers  of  the  Canadian  Rockies  and  Selkirks,     By  William  Hit- 
tell  Sherzer.     Smithsonian  Institution,  1907.  Quarto,  pp.  135. 
This  elegant  volume  gives  the  results  of  a  systematic  examination  of 
the  Victoria  and  Wenkchemna  glaciers  in  Alberta  and  of  the  Yoho,  Asulkan, 
and  niecillewaet  glaciers  in  British  Columbia.     The  study  embraced  the 


REVIEWS  391 

part  to  the  smallness  of  the  body  of  water  and  to  an  overcrowding."  It 
is  also  noted  that  the  increased  number  of  poral  pieces  connected  with  the 
hydrospireSy  which  are  regarded  as  the  respiratory  organs  of  Pentremites, 
"would  indicate  an  effort  of  the  animal  to  adapt  itself  to  a  depletion  of 
oxygen  in  this  ancient  sea." 

The  descriptions  of  the  Bryozoa  and  Gastropoda  including  Crustacea 
are  by  Dr.  Cumings.  The  Bryozoa  come  from  the  top  of  the  formation  in 
an  exceedingly  soft,  loose-grained,  and  greatly  decomposed  limestone,  in 
which  they  are  beautifully  preserved.  It  is  stated  that,  **  Very  few  Bryozoa 
have  ever  been  described  from  the  famous  oolitic  limestones  of  Indiana," 
and  that,  "No  better  preserved  fossils  have  ever  been  studied  by  the  writer 
than  these  exquisite  Fenestellids  and  other  Bryozoa  from  the  Dark  Hollow 
quarries  of  Bedford."  The  descriptions  of  the  Vertebrates,  which  consist 
of  fish  remains,  were  prepared  by  Professor  Branson,  of  Oberlin  College. 
This  portion  of  the  monograph  is  illustrated  by  forty-two  plates  which  in 
their  reproduction  leave  something  to  be  desired,  as  is  frequently  the  case 
in  the  illustrations  of  the  fossils  contained  in  the  reports  of  state  geological 
surveys  similar  to  that  of  Indiana. 

C.  S.  P. 


Evidences  of  a  Coblenzian  Invasion  in  the  Devonic  of  Eastern  America. 
By  John  M.  Clarke.  Festschrift  zum  siebzigsten  Geburtstage 
von  Adolf  V.  Koenen^  pp.  359-68. 

Dr.  Qarke  has  devoted  a  portion  of  each  of  several  recent  summers  to 
the  field  examination  and  collection  of  fossils  of  the  Devonian  formations  of 
eastern  Canada.  In  connection  with  this  investigation  he  has  critically 
studied  the  Devonian  faunas  of  Gasp^  in  eastern  Quebec,  Dalhousie  in 
northern  New  Brunswick,  and  those  of  the  eastern  and  central  portions  of 
Maine,  and  this  paper  contains  a  preliminary  statement  of  the  results  which 
have  been  obtained.  It  will  be  remembered  that  the  Lower  Devonian  of 
central  Europe  has  generally  been  divided  into  two  terranes,  of  which  the 
Gedinnian  is  the  older  and  the  Coblenzian  the  younger. 

It  is  stated  that  in  Gasp^  the  Lower  Devonian  faunas  are  singularly 
profuse  and  are  contained  in  a  series  of  limestones  reaching  an  approximate 
thickness  of  1,500  feet.  These  limestones  rest  unconformably  on  Cambrian 
slates  and  have  been  divided  into  three  terranes.  The  lowest  one  has  been 
called  the  St.  Alban  beds  by  Dr.  Clarke  and  its  fauna  ''is  an  almost  pure 
strain  of  the  Helderbergian  (especially  Coeymans  limestone  and  New 
Scotland  beds)  of  New  York."  The  middle  division  is  the  Cape  Bon  Ami 
beds  with  a  sparse  fauna  which,  however,  has  a  similar  relationship  to  that 
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<A  the  kmtsi  beds.  The  top  dh-Bkn  s  die  Gnnde  GiHc  limfstntir  which 
is  "  the  seat  <rf  a  profee  imna  widi  Tgr  strong  Ondkany  tnte  commmgled 
vhh  katnrcs  of  §dD  laier  a^"  The  species  indirafing  later  age  are  stated 
to  be  such  as  mi^t  be  paraDekd  widi  ninnlMTS  of  the  Onondaga  fauna  of 
New  York  in  an  indpieni  stage  of  derelapiiient,  and  present  evidence  of  an 
earlier  stage  tiian  that  of  tiie  Onondaga.  It  is  noted  that  certain  species  of 
this  fauna  occur  in  a  Terr  different  fades  tiian  in  New  York  since  ''the  large, 
hearr-Tahned  species  of  bradiiopods  which  cfaaracteriae  the  loose  and 
coarse  sandr  deposits  of  the  Oiiskanj  in  central  Xcw  York  here  occur  with- 
out diminution  of  size  or  essential  chai^  of  stmcture  in  entirdj  pure 
limestone  deposits,'^  and  Hippari&mjx  proxumms^  Spirifer  aremasMS,  and 
Rtnssdorria  avaides  are  mentioned  as  exanqiles.  It  is  stated  that  during 
Devonian  time: 

The  evideooe  is  complete  of  an  unimpeded  pa^sigr  and  migration  [from  this 
region]  southwcstwaid  into  the  Appalachian  basin  of  New  York  and  of  entire 
isolation  from  any  conmiunication  far  enou|^  to  the  east  to  register  itself  in  the 
transatlantic  faunas.  The  soccessioD  and  trend  of  outcrops  of  afl  paleozoic  foraia- 
tions  from  New  York  eastward  to  the  Gntf  of  St  I^wience,  a  distance  of  600 
miles,  conve>-s  the  impression  that  the  deposits  in  question  were  laid  down  in  a 
relatively  narrow  channel  bounded  by  Appalachian  folds  of  the  older  land  and 
this  impression  is  forti5ed  by  the  detailed  study  of  this  fauna  and  of  the  almost 
denuded  p»atchcs  of  paleozoics  lying  in  the  region  between. 

At  Dalhousie  on  the  upper  reaches  of  the  Bay  of  Chaleur  **is  an  isolated 
series  of  soft  calcareous  shales  with  interbedded  contemporaneous  eflPusives." 
Dr.  Clarke  states  that  he  has  determined  about  seventy  species  which  may 
\jt  used  in  comparison  and  correlation  with  other  faunas.  Nearly  one-half 
of  these  are  identical  or  afliliated  with  the  Helderbergian  fauna  of  the  Appa- 
lachian gulf  and  a  few  of  them  are  also  present  in  the  St.  Alban  beds  of  the 
Gasp^  section.  The  pelecypod  element  shows  a  noticeable  affinity  with 
that  of  the  Coblenzian,  which  is  indicated  by  certain  positive  identifications 
as  Pterinea  pseudolaevis  and  Carydium  gregarium.  Only  a  few  species  of 
the  brachiopods,  however,  can  be  referred  to  the  European  rather  than 
the  American  type. 

In  Aroostook  County  in  northeastern  Maine  are  the  Chapman  sand- 
stones which  occur  in  two  separate  localities,  one  covering  the  upper  reaches 
of  Presqu'isle  stream  and  the  other  known  as  Edmund's  hill.  The  faunas 
of  the  two  localities,  however,  show  a  decided  diflPerence  since  in  a  total 
of  seventy-two  probable  species,  forty-nine  constitute  the  Edmund's  hill 
fauna  and  twenty-five  that  of  the  Presqu'isle  stream,  while  but  two  species 
are  common  to  both  outcrops.     The  two  faunas,  however,  are  united  by 
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the  affinities  of  each  with  the  Coblenzian  faunas  with  which  they  show  the 
closest  agreement,  which  consists  of  three  identical  species  and  twenty-seven 
affiliated  ones,  while  the  next  nearest  is  with  the  Helderbergian  and  Oriskany 
of  the  Appalachian  gulf  with  eight  identical  and  thirteen  affiliated  species. 
Dr.  Clarke  concludes  that  "the  inference  is  unavoidable  that  the  predomi- 
nating influence  expressed  in  the  Chapman  congeries  is  that  of  the  trans- 
atlantic faunas  of  contemporary  age." 

Again  in  Piscataquis  and  Somerset  counties  in  northern  and  western 
Maine  to  the  west  of  Aroostook  County  are  beds  of  quite  fossiliferous  sand- 
stone and  sandy  shale.  This  faima  comprises  about  seventy  species,  some 
of  which  are  identical  with  members  of  the  New  York  Oriskany  fauna,  as 
Rensselaeria  avoides,  Spirifer  arenosuSy  Hipparionyx  proximuSy  Rhipido- 
mdla  musculosa  (var.),  etc.;  others  which  are  not  identifiable  with  known 
members  of  contemporaneous  faunas;  and  finally  a  Coblenzian  contingent, 
which  enforces  and  supplements  that  appearing  in  Aroostook  County. 

As  a  result  of  these  studies  Dr.  Clarke  states  in  conclusion:  "The 
evidence  then  is  fairly  conclusive  that  during  the  period  represented  by  the 
Coblenzian-Oriskany  the  arenaceous  epicontinental  sediments  were  the 
groimd  traversed  by  the  Coblenz  fauna  westward  along  the  North  Atlantic 

continent The  inunigrant  fauna  taken  as  a  whole  is  the  direct 

descendant  of  the  Coblenzian  faunas,  changed  in  part  by  variation  and  by 
mutation,  and  hence  contemporary  therewith  only  in  the  sense  of  being 
homotaxial;  the  lines  of  passage  westward  through  the  regions  indicated  in 
New  Brunswick  and  Maine  were  courses  of  migration  only,  not  basins  of 
sequestration,  fertile  propagation,  and  dispersion  as  was  the  northern  or 
Gasp^  passage." 

C.  S.  P. 


Age  of  the  Pre-Volcanic  Auriferous  Gravels  in  California,  By  J.  S. 
Deller.  Proceedings  Washington  Academy  of  Sciences,  Vol. 
Vin,  pp.  405,  406.     February  13,  1907. 

The  age  of  the  auriferous  gravels  of  the  Sierra  Nevada  in  California  is  gener- 
ally given  as  late  Miocene  or  Pliocene.  This  conclusion  is  based  chiefly  on  fossil 
plants  and  a  few  animal  forms.  The  auriferous  gravel  period  in  all  probability 
was  a  long  one  and  no  considerable  part  of  its  flora  has  yet  been  connected  directly 
with  its  contemporaneous  marine  fauna  in  the  same  region. 

Mr.  Diller  has  recently  found  a  flora  of  ten  species,  determined  by  Dr. 
F.  H.  Knowlton,  in  beds  that  carry  a  large  and  definite  Eocene  marine 
fauna,  studied  by  Dr.  Wm.  H.  Dall.    Three  of  these  plants  occur  in  the 
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auriferous  gravels,  indicating  that  the  latter  are,  in  part  at  least,  Eocene. 
This  discovery  is  important  because  the  auriferous  gravels  have  been  relied 
upon  in  determining  the  age  of  the  Sierra  peneplain. 

C.  W.  W. 


The   Drumlins   of  Southenstem   Wisconsin.     (Preliminary   Paper.) 

By  William  C.  Alden.     Pp.  46,  9  plates.    Washington,  D.  C, 

1905. 

There  are  about  1,400  drumlins  in  this  district,  an  area  of  some  4,200 

square  miles.    The  drumlins  are  distributed  over  the  ground  moraines  of 

the  Green  Bay  and  Lake  Michigan  glaciers  and  have  their  longer  axes  in 

the  direction  of  ice  movement.    They  are  all  the  product  of  the  last  ice 

invasion,  at  least  so  far  as  shaping  is  concerned.    Over  90  per  cent,  of  the 

drift  in  the  drumlins  of  the  Green  Bay  Glacier  is  of  local  derivation;  about 

9  per  cent,  must  have  been  brought  from  the  Canadian  crystalline  rocks. 

C.  W.  W. 
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"THE  OLDEST  KNOWN  REPTILE."— /50i?£Cr£:5  PlSC- 
TULATUS  COPE 


S-  W.  WILLISTOX 
The  University  of  Chicago 


Recently  M.  Thevenin  has  described  and  figured  a  ven*  interesting 
new  air-breather  from  the  Stephanian,  or  uppermost  Carboniferous, 
of  France,  under  the  name  Sauravus  costei^  referring  it  to  the  Reptilia. 
The  form,  of  small  size,  has  a  long  body,  probably  a  long  tail,  verte- 
brae with  persistent  notochord,  apparently  no  hypocentra,  single- 
headed  ribs  attached  intercentrally,  two  sacral  vertebrae,  ossified 
carpus  and  tarsus,  and  a  phalangeal  formula,  for  the  hind  feet  of 
2, 3,  4,  ?,  ?.  There  are  twenty-three  or  twenty-four  dorsal  vertebrae ; 
the  humerus  shows  no  epicondylar  foramen;  the  tarsus  has  two  bones 
in  the  proximal  row,  a  centrale  and  four  distalia;  and  slender  ventral 
ribs  are  present.    The  author's  conclusions  are : 

En  r^um^,  Sauravus  costei  du  Houiller  de  Blanzy  est  le  plus  ancien  Reptile 
trouv^  jusqu'k  present  en  France.  Malgr^  son  anciennet^,  il  est  d6}k  trhs  ^volu^, 
car  ses  membres  sont  k  peu  pr^  aussi  parfaits  que  ceux  des  Sauriens  actuals, 
quoique  la  coalescence  des  os  du  tarse  soit  moins  achev^e  que  chez  ces  der- 
niers.  II  a  pourtant  des  charact^res  primitifs;  par  ses  vert^bres  ensablier  k 
notochorde  continue  et  par  ses  cdtes  ventrales,  c'est  un  Rh>'nchoc^phale.  II 
doit,  jusqu'k  ce  que  son  crine  soit  connu,  6tre  provisoirement  placd  dans  le  m^me 
ordre  que  FalaeohaUeria,  CaUibrachion^  KadaliosaurtiSy  qui  sont  d'&ge  un  peu 
plus  recent;  il  est  plus  perfectionn^  que  le  premier  de  ces  genres.' 

In  the  American  Naturalist  for  April,  1896,  Professor  Cope,  in  a 
discussion  of  the  Cotylosauria,  made  the  following  statement : 

I  AnnaUs  de  palioniologie  (1907),  Pt.  3,  p.  19. 
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A  stZ£e  z^sua  ]:a5  becii  :<:<i3ii  in  C2e  CoaJ  Measures  of  Ofaio^  vfaich  is  :?cr 
3>:^:j^  '7  X  Toedis  -v^ch  I  shall  call  TmdiUmus  pmnrtmLttmt.  It  is  of  sicaZ  a^ 
izii  i::e  ^j^nllarr  'j£xr±.  ir%  :f  eq-iial  Len^tfa.  I  can  noC  HiMiMgnSaJi  it  frocz  /: 
>.-:^-:.  T-::.—  b^ii.cuzs  v.  ±£  PtrJt-n'rnMac  Tbe  other  specks  wfaidi  are  nserc 
i:  7 •^zzz.zm^'m:  ir*  Sar:<:ecfia.-"A      r«&i  u  tie  Jira  idemiiJSctii^m  ^f  m  ^me  nrfci 

Ir.  :J:c  ::-':^"L-^  y-ir  Pr«>:.  .4iii^r.  PkS.  Sac,  1897,  p.  88»-  und 
:>.T  h-Tiiizz  Ii<>:rrc:es  ; unctularui.  he  said: 

A  :  ■>.:::•  :c  :>:=  L.-:i:c  JecersiMi  C>aatT.  Ohio,  ohiainfri  from  Mr.  Sasi- 
}z:-^T.  r.  .yr-a-"-*  11?^  r^saicT  par:  :c  ue  skdccoa  of  what  I  supime  is  dus  sped< 
7~-e  leLi.  icic>^^-  ir±  jL=>i  '=i>R  'X  tht]  fore  limbs  are  kML  Tbe  remaind 
i,rr?ss  ■  trj  -^tiL  -rrJi  ±je  ~ical  fpec^en  which  «as  ohiainfri  by  Dr.  Xewber 
fr:=:  lie  sizie  '.•itzx^rr  xn-l  hi:>rl&>a  ....  The  s|)friinfn  is  of  inqxxtance  i 
;<r--L.:L.:i^  ::  ±e  : .  i^isc  cj^itt:  repdle.  ind  the  odr  one  which  has  been,  thns  fa 
ZK^i-r^.y  •iecri^i  fr:—  :he  CmI  Measures. 

Tr.v  :  iiir  -xii  zo:  z'lz'ls'r.'ci  uil  after  Cope's  death,  and  he  did  m 
jc-e  ill  :hr  :  rrofj. 

Hiy.  iz  hi:?  :i:il'>z--c.  for  -arha:  reason  I  do  not  know,  refers  ih 
?:e:it>  rijk  ::  T'a:::.zkus  irA  :he  amphibia,  and  there  has  been  d 
fur >..r  r-.:vrir-:v  ?ir.:v  ::  ir.y  kir.d  :o  :he  species. 

'»\r  r.AT.r.-.l; .  :'-r:-^r.  :""-.  kin-iness  of  Secretary  Walcott  of  ih 
Srr.iTr.vr.iiT.  Ir>:::_:i:r..  ^r. :  Pr:':-.-?i-?r  Dean  of  Columbia  University 
:>.:  •;:'.  ^.r-:;—:"  ::  7:^::::':^:  r:4^';:!4.j/u5.  and  the  specimen  referre 
:  -■:■..  '"•.  Tr.  ::s>  :  C:;>j.  h.-ve  come  under  my  observation.  Th 
-  r!:r!r..\l :;  .-.<  ::  ':*  irzrit:  r:Mr::ui2:us  ^"ill  be  shortly  discussed  by  Mi 
>L->:i;  . :  :-:s  .ir.i ■■->::;..  Thv  sivcimen  which  Professor  Cope  s 
:•;>:::/.;.  Ar.;l  .::::>:•/.■  r^rVrrei  :o  :he  Reptilia  is  of  great  interc: 
ir.  v:^  v  ,-:  :h-  tlc l  r.:  .:'.>:u>>:?r.<  ai  :o  the  origin  of  that  class  of  vert* 
br.iTiS.  lvc.i-.:>v  j^f  r^v^r.:  iifcoveries  connecting  so  intimately  th 
S:t\:  Vvi ':.a1:.i  v.::>.  :'-.  yrlr.:i:ivi  reptiles,  it  is  somewhat  hazardous  1 
<.i\  A ::':  ;;><v.r.i".\  :r..-.:  :>.-:  >>:x::r.en  really  is  that  of  a  true  reptil 
l\r;'..-:^s  .-..1  o:  <ij::t::-.vMr.v:v  :h.i:  is  r.o-.v  loft  as  a  distinguishing  chaJ 
.-.c:;.r:s::c  o:  :':'.c  :ao  cl.i5os.>  :5  the  greater  or  less  development  of  th 
:\-.rAs;  -iiir.oivi,  ar.vi.  .is  :>.c  <k.:ll  :5  '.v anting  in  this  particular  specimen 
as  ::  .-.Ino  Aas  ::t  ::u  s:\c::r.or.  rorVrroxi  by  Thevenin  to  the  reptilia. 
wt  r.v.:s:  a'^ait  fi::urc  .:i.M.\^ varies  for  the  nnal  solution  of  the  question. 
I:  is  r.:y  ovir.ior..  however.  :ha:  Co:h  was  right,  and  the  form  should 
lx\  t^rovisior.aliy  a:  lea>:.  reterrevt  to  the  reptilia. 
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FlO.   i.'-lsodecUs  copei  Will.,  enlarged  (plesiotype  of   Tudiianus  pfnciuiaius  Cope). 
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I  give  herewith  an  enlarged  photograph  of  the  specimen,  which 
will  show,  at  a  glance,  the  striking  characteristics  of  the  form;  the 
figure  given  by  Cope  is.in  some  things  incorrect  and  obscure.  In  a 
very  careful  study  of  the  specimen,  I  find  no  corrections  of  his  rather 
brief  description,  but  there  are  some  facts  that  I  can  add  with  assur- 
ance. Positive  indications  of  twenty-three  dorsal  vertebrae  are  pre- 
sent, and,  since  the  left  manus  is  doubtless  in  its  normal  position  on 

the  block,  it  is  hardly  possible  that  there 
could  have  been  more  than  one  or  two 
more,  that  is,  the  number  is  doubtless  the 
same  as  that  of  Sauravus.    The  ribs  are 
small,  slender,  and  curved,  moderately 
dilated  at  the  proximal  extremity,   but 
without  real  differentiation  into  head  and 
tubercle;   they  are  aU  attached  interver- 
tebrally.    The  vertebrae  were  certainly 
amphicoelous,   and  doubtless  with  per- 
sistent notochord,  agreeing  with  those  of 
Sauravus,  and  the  Microsauria  generally. 
The   vertebral   spines   are   rudimentar\; 
and  there  arc  no  indications  of  any  kind 
of  ventral  ribs — one  is  safe  in  saying  that 
the  animal  in  life  had  none — in  this  respect 
differing  from  Sauravus.    Nor  is  there 
any    distinct    evidence    of    hypocentra, 
though  it    is  not  impossible  that   such 
bones  of  small  size  may  have  been  present. 
All  the  dorsal  vertebrae  bear  ribs,  and 
the  first  three  of  the  caudal  series  also. 
Two  vertebrae  intervene  without  free  ribs.     On  the  left  side  the  upper 
border  of  an  ilium  is  discernible,  close  to  the  sides  of  the  centra,  and 
between  them  and  the  head  of  the  femur.    This  ilium  was  certainly 
united  to  these  two  vertebrae.    There  were  two  sacral  vertebrae,  as 
in  SauravuSy  a  reptilian  character.    The  specimen  lies  on  its  ventral 
side,  and  the  pubcs  and  ischia,  hence,  are  not  visible.    The  tail, 
like  the  body,  was  evidently  long  and  slender. 

The  perfection  of  the  hind  Umbs  is  such  that  scarcely  any  thing 


Fig.  2. — Left  hind  leg  and 
foot  of  Isodecles  copei  Will., 
enlarged. 
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surface  features  of  these  glaciers,  the  nature  of  the  ice  movement,  the 
temperature  of  the  ice  at  various  depths  and  its  relations  to  the  air  tem- 
peratures, the  amoimt  of  surface  melting,  the  possible  transference  of 
material  from  the  surface  portion  to  lower  portions,  the  rates  of  movement, 
the  advances  and  recessions  of  the  glacial  extremities,  and  the  structure 
of  the  ice.  There  is  an  accessory  discussion  of  the  physiographic  changes 
of  the  region  in  Pleistocene  and  earlier  times. 

The  points  that  stand  out  most  in  the  discussion  are  those  which  relate 
to  the  precipitation  of  snow  and  rain,  the  effects  of  climatic  cycles  on 
glacial  movements,  the  stratification  and  granulation  of  the  ice,  its  shear- 
ing planes,  blue  bands,  and  the  possible  methods  of  their  development. 
A  notable  result  is  the  demonstration  by  daily  measurements  of  the  shear- 
ing of  layers  of  ice  over  one  another,  a  phenomenon  announced  by  Cham- 
berfin  as  a  result  of  his  Greenland  observations,  but  questioned  by  Russell 
and  others.  The  conclusions  relative  to  glacial  movement  lie  essentially 
in  the  lines  toward  which  the  more  critical  recent  studies  by  different 
investigators  seem  to  be  quite  surely  tending,  a  composite  mode  of  motion 
embracing  as  factors  of  varying  eiBftciency  granular  growth,  granular  inter- 
movement,  shearing  of  the  sliding  planes  of  the  ice  crystals,  and  shearing  of 
the  glacial  layers  over  one  another.  An  unsatisfactory  flavor  is  given  this  by 
an  effort,  italicized  as  though  important,  to  make  plasticity  mean  some- 
thing which  plasticity  does  not  usually  mean,  for  no  other  apparent  reason 
than  to  justify  the  retention  of  an  old  term  which  is  likely  to  be  either 
misleading  or  meaningless.  The  movement  of  the  gliding  planes  of  an 
ice  crystal  over  one  another  is  a  plastic  movement  only  in  the  forced  sense 
that  the  sliding  of  cards  in  a  pack,  or  of  boards  in  a  lumber  pile,  is  a  plastic 
movement,  and  such  a  movement  is  better  called  something  else. 

The  work  is  very  amply  illustrated  by  excellent  photographs  and  maps, 
and  is  an  important  contribution  to  glacial  science. 

T.  C.  C. 


The  Fauna  of  the  Salem  Limestone  oj  Indiana,     By  E.  R.  Cumings, 

J.  W.  Beede,  E.  B.  Branson,  and  Essie  A.  Smith.    Thirteenth 

Annual  Report  of  the   Department  of   Geology  and  Natural 

Resources  of  Indiana,  1906.    Pp.  1 187-1487,  47  plates. 

The  Salem  limestone  of  Indiana  is  known  generally  to  geologists  and 

business  men  as  the  Bedford  limestone,  receiving  its  name  from  the  town  at 

which  are  located  so  many  of  the  large  quarries  of  this  formation;  but  the 

name  was  preoccupied  when  given  to  this  limestone,  since  Bedford  had 
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tive  lepdlian  phalangeal  formula  was  that  now  persistent  in  the  lacer- 
tiUa  and  Sphenadon,  2,  3,  4,  5,  4.  In  Ceraierfeiony  a  later  form  than 
Isodedes  copei^  Woodward  has  demonstrated  the  formula  2,3^,4^,  in 
01^  bpedes  at  least.  The  number  2,3,3,3,3,  so  characteristic  of  the 
mammals,  is  a  late  specialization,  and  can  have,  in  my  opinion,  no 
genetic  relations  with  the  similar  formula  in  most  tmtles.  In  other 
words  the  phalangeal  formula  is  not  of  the  great  importance  that  some 
authors  have  attached  to  it. 

The  attachment  of  the  ribs  to  the  intercentral  space  is  very  hard  to 
explain  imder  the  supposition  that  the  amphibian  centrum  is  the 
hypocentnmi;  if  the  vertebrae  are  really  composed  of  the  pleuro- 
centra,  the  entire,  or  apparently  entire,  loss  of  the  hypocentra  in  these 
the  earUest  known  air-breathers  oflFers  another  bewildering  problem. 

There  are  those  who  beUeve  that  the  reptiles  arose  from  two  distinct 
groups  of  the  amphibia,  one  from  the  Microsauria,  the  other  from  the 
TenmospondyU;  and  I  must  confess  that  IsodecUs  helps  that  theory 
materially,  for  its  relationships  with  the  Microsauria  on  the  one  side 
cannot  be  gainsaid.  But,  the  dose  relationships  between  such  forms 
as  Pariotichus,  Procolophon^  Tekrpeton,  the  Pelycosauria,  the  Coty- 
losauria,  Pareiasauria,  and  Temnospondyli  complicate  matters  here 
exceedingly,  and  leave  the  whole  subject  still  in  great  obscurity. 
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introduction 

Petrographers  are  in  general  agreement  as  to  the  existence  of 
many  close  mineralogical  and  chemical  similarities  between  augite 
andesite  and  basalt.  It  has,  in  fact,  been  found  to  be  impossible  to 
draw  any  sharp  line  between  the  two  species.  Nevertheless,  the 
olivine  basalts,  volumetrically  the  most  important  class  of  lavas  on 
the  globe,  are  distinctly  characterized  by  the  great  abundance  of  the 
basic  phenocrysts,  augite  and  olivine  with  which  basic  plagioclase 
and  much  magnetite  are  regularly  associated  as  minerals  of  early 
generation.  The  list  of  phenocrysts  in  augite  andesite  normally 
includes  the  pyroxene  and  an  average  plagioclase  which  is  more  acid 
than  that  in  the  olivine  basalts;  olivine  is  absent  and  magnetite  is 
less  abundant  than  m  the  basalt. 

These  relations  suggest  the  hypothesis  that  the  andesite  has  been 
differentiated  from  the  basalt  by  a  process  of  fractional  crystallization. 
This  hypothesis  is,  in  principle,  nothing  new,  but  it  seems  never  to 
have  been  applied  in  detail  to  this  particular  pair  of  rock-species. 
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Vdain's  observations  at  the  isle  of  Reunion  led  him  virtually  to  state 
the  hypothesis,  but,  at  the  time  of  the  publication  of  his  memoir,  very 
little  was  known  as  to  the  actual  temperatures  of  crystallization  in 
lavas,  as  to  the  degrees  of  fluidity  which  the  lavas  exhibit  at  those 
temperatures,  nor  as  to  the  density  of  molten  lava,  phenocryst,  or 
remelted  phenocryst.  It  was,  therefore,  impossible  for  Vdain  to 
show  the  exact  conditions  under  which  fractional  crystallization  can 
produce  an  andesitic  lava  from  an  original  basalt.  The  experimental 
studies  of  the  last  twenty  years  have  now  made  it  possible  to  discuss 
the  process  of  differentiation  somewhat  more  fully. 

It  is  one  purpose  of  this  paper  to  offer  a  brief  statement  of  the 
hypothesis  as  viewed  in  the  light  of  the  experiments  of  Doelter  and 
others  on  the  properties  of  lavas  during  crystallization.  A  second 
purpose  is  to  lay  emphasis  on  the  enormous  scale  in  which  this  particu- 
lar kind  of  differentiation  of  lavas  has  taken  place.  It  appears  to  be 
a  world-wide  phenomenon.  Thirdly,  the  h)rpothesis  necessarily 
involves  the  correlative  derivation  of  certain  ultra-basic  lavas  and 
rocks  from  olivine  basalt.  The  conception  has  thus  become  of 
practical  value  to  the  writer  in  helping  to  explain  the  recurrent  field- 
association  of  olivine  basalt,  augite  andesite,  and  various  peridotitic 
rocks  discovered  in  the  Selkirk,  Columbia,  and  Cascade  mountain- 
ranges  of  British  Columbia.  The  hypothesis  will  here  be  presented 
in  a  general  form,  for,  while  it  appears  to  explain  the  field-occurrences 
actually  studied  by  the  writer,  the  conception,  like  all  petrogenic 
hypotheses,  should  stand  the  test  of  geological  experience  throughout 
the  world. 

TEMPERATURES  AND    ORDER  OF   CRYSTALLIZATION  IN   BASALT 

As  a  result  of  numerous  experiments  on  artificial  basic  melts  and 
on  natural  lavas,  as  observed  under  the  microscope,  Doelter  has 
proved  that  olivine,  augite,  magnetite,  and  plagioclase  crystallize  in 
the  order  which  has  been  deduced  from  the  microscopic  study  of 
basalt  by  Rosenbusch,  Zirkel,  and  other  systematic  petrographers.' 

According  to  Doelter,  both  magnetite  and  phenocrystic  olivine 
crystallize  from  artificial  basic  melts  at  temperatures  ranging  between 
1200°  and  1030°  C.     The  olivine  largely  crystallizes  between  1200° 

X  C.  Doelter,  "Die  Silikatschmelzen,"  SUzungsherichle  der  k.  Akad,  d.  Wissen.t 
Vienna,  Math.-naturw.  Klasse,  Bd.  103,  1904,  p.  177. 
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and  ii35®C.;  the  magnetite,  largely  between  1195°  and  1100°  C. 
The  range  for  phenocrystic  augite  is  1190-960°  C,  with  the  most 
abundant  crystallization  between  1190°  and  1100°  C.  The  range  for 
labradorite  is  ii2S°-io7S°C.  He  observed  augite  phenocrysts 
developed  in  molten  basalt  at  the  range,  io8s°-92o°  C. ;  in  molten 
limburgite  at  1150°.  Magnetite  formed  abundantly  in  molten  basalt 
at  1095®  C.  and  in  molten  limburgite  at  various  temperatures  ranging 
from  1 1 70®  to  1065°  C.  For  rock-melts  he  records  only  one  deter- 
mination for  olivine  which  "probably"  crystallized  out  at  1085^0. 
in  molten  basalt. 

Throughout  most  of  the  period  of  phenocrysitc  development,  that 
is,  through  a  fall  of  temperature  from  1200®  to  about  1080°  C, 
basaltic  lava  is  still  notably  fluid.  Other  experiments  by  Doelter 
have  shown  that  strong  fluidity  characterizes  various  basic  lavas  at 
the  following  respective  temperatures: 

Etna  basalt 1010°  C. 

Remagen  basalt 1060 

Vesuvian  lava 1080 

Limburgite 1050 

It  is  fair  to  conclude  that  at  the  temperature  of  1050°  C.  the  average 
olivine  basalt  is  fluid,  and  at  1100°  C.  quite  thinly  fluid.  At  the 
latter  temperature  its  kinetic  viscosity  is  probably  comparable  to  that 
of  the  Hawaiian  basaltic  flow  which  Becker  has  calculated  to  have 
had,  at  the  time  of  its  emission,  a  viscosity  about  fifty  times  that  of 
water.' 

SINKING   OF  THE   PHENOCRYSTS 

In  lava  of  such  relatively  high  fluidity  the  olivine,  augite,  and 
magnetite  crystals  must  slowly  sink.  Combining  the  results  obtained 
by  C.  Barus'  and,  more  recently,  by  J.  A.  Douglas,^  on  studies  of 
volume  changes  as  basic  rock  changes  from  the  holocrystalline  state 
to  the  glassy  and  then  to  the  molten  condition,  the  present  writer 
has  calculated  that  olivine  basalt  would  have,  at  1100°  C.  and  at  one 
atmosphere  of  pressure,  a  specific  gravity  averaging  about  2.74; 
its  groundmass,  specific  gravity  ranging  from  2.55  to  2.60.    At  the 

«  G.  F.  Becker,  Amer.  Jour,  of  Sci.,  Vol.  Ill,  1897,  P*  29. 
•  Bull.  No,  loj,^  U.  S.  Geological  Survey,  1893. 
J  Quart.  Jour,  Geol,,  Vol.  LXIII,  1907,  p.  145. 
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£  -ni;  isnsET  ac  "iic  "itarj  ^  "lie  asnairT  aE :»  ind:  r=  raooatv.' 
TVis.  ^iruHiinL  iie^  lesr  tsz^^inBanib^  uf^\itp^  Jjpr  Ladesdxii^  who 
immi  "V.g  fOf^  fcmzir^s.  rHzunsc  irmr  jckqc  CC75  ^  about  c.2  cm. 

i:  rB^ns  !:•:»£,  n^cecrr^T    5rair  f^c  SBKina*  »  5-^5^  seconds  to 

ill   zzrzrjLiz.    i.   ic-r^dz^HKOfr   r-ananr    ic   Veacoar   rznKntme — a 

li  Lz:  tzzKZ^zrkiZZ  Z'  Jiznir.  Tiiic:;!^  :c  sirce  sazi  dinocsi  a  layer 
zi  zc.±L  jz.  --rt:  r:»:jr3c  :c  ^'^'^rL  zl]^  zp^zpts  iocis  .  azxl  corks 
s"-"-."rf^e:i:K7  r:ac  im-iiiz  zia  zcz^  -y^ircr  11  v^  C-  is  m^xh  over 
I  rcc.rcc  rcc  zee  "^-^^  i^  "^.tv  :«:^  ls  -viztz.- 

I:  ^  izur  Lizi::  ziaz  t-fz.  -i  :irii  T^rrisrr  oc  the  iav^a.  within  the 
ztzzzttnrzri  zntTiil  :•:  tir>  7Ct3>irrfo:  ierieiDcaieiit,  be  many 
tb-_r_sL::,i  -—e^  :\l:  :c  -w-i-rir,  ire  rcifCi^CTKs  aciist  tend  to  sinL 
Sc  i'nx  ii  razri  1  crrfciliifr:^  ItT-i^-jcizzir  r^Ksains  in  its  conduit  and 


lijtrr  -Zjfrtrrie?  roirciur  :rr:c:£:t:  ihe  lezri^gaiue  interraL  1200°- 
zz'z'  C. — i  priorss  zecf<c=»LrIl7  ii:T:t~riz:£  a  kjc^  pienod  of  tinae — the 
wr'lzz  c:  ±c:  nizTcdie,  ccTine,  uDi  a:::£:je  cnrsuls  will  oxitinue, 
zzjTjrzz:^  i:  £  cccL-zz-JZ'z^  ^irer  rire.    TbKWrticallT  the  settlement 

I  ;i=:=5  *r.  Br'>r-T,  C»^  ir  Pcijx-w   Patss.  iSSS  ,  Toeae  1.  i«  fwcicok,  1888, 
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will  continue  during  the  time  occupied  in  the  drop  of  temperature 
of  another  100®  C.  or  to  the  point  when  practical  rigidity  is  established ; 
but  the  rate  of  settlement  must  then  be  very  considerably  slower  than 
in  the  interval,  1200° — 1050^0.  During  the  last-mentioned  interval 
practically  all  of  the  olivine,  much  of  the  phenocrystic  augite,  and 
much  of  the  magnetite  of  early  generation  has  settled  out  of  the 
upper  part  of  the  lava-column.  Below  1050°  C.  the  mother-liquor 
crystallizes.  New  crystals  of  magnetite  and  phenocrysts  of  augite 
and  feldspar  are  formed  but,  because  of  the  greatly  increased  vis- 
cosity, do  not  sensibly  sink  or  rise  in  the  freezing  melt. 

To  estimate  the  chemical  composition  of  the  mother-liquor  it 
would  be  necessary  to  know  the  composition  of  the  original  basalt 
and  the  quantity  and  composition  of  each  settled-out  phenocrystic 
material.  The  problem  may  be  solved  through  a  careful  quantitative 
chemical  study  of  a  typical  olivine  basalt;  the  results  are  of  the  same 
order  as  those  obtained  from  a  comparison  between  the  average  com- 
poations  of  the  world's  olivine  basalt  and  of  its  phenocrysts.  The 
result  of  these  comparisons  will  be  detailed  on  a  later  page. 

FORMATION  OF  ULTRA-BASIC  MAGMAS  AND  OF   AN  ANDESITIC 
MOTHER-LIQUOR 

As  the  phenocrysts  sink  they  enter  levels  in  the  conduit  where  the 
temperature  is  higher  than  near  the  surface,  and  where  the  basalt 
is  as  yet  completely  molten.  Probably  the  lava-column  grows  slightly 
more  dense  toward  its  base,  according  to  faint  chemical  differences 
in  the  successive  strata.  The  sunk  phenocrysts,  at  the  lower  levels 
and  higher  temperatures  will,  in  tiuii,  become  re-dissolved  or  melted. 
Deville,*  Doelter*  and  others  have  shown  that  both  olivine  and 
augite  expand  extraordinarily  in  passing  from  the  crystalline  state 
to  the  glassy.  The  specific  gravities  of  a  few  typical  specimens  at 
room  temperatures  are  indicated  in  the  following  table : 


Crystal 

Glass 

Molten  at  xaoo"  C. 

Aimte  ^odter) 

3  30 
3.267 

3.381 

2!803 
2.831 

2.83 
2.72 

2.75 

AuEite  (Devillc) 

Olivine  a)evillc) 

«  Cf.  F.  Zirkel,  Lshrbuch  der  Petrographie  (Leipzig,  2d  ed.,  1893),  Vol.  I,  p.  680. 
>  C.  Doelter,  Physikalisch^chemische  Mineralogie  (Leipzig,  1905),  p.  8. 
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Elach  of  these  glasses  would  expand,  with  heating,  at  least  as  fast  as 
diabase,  e.g.,  3  per  cent,  for  1200°  C.  (Bams).  At  1200°  C,  therefore, 
the  remelted  crystals  would  have  specific  gravities  at  least  as  low  as 
the  values  showTi  in  the  third  column.  The  spedfic  gravity  of  normal 
basalt  at  1200^  C.  for  a  type  which  is  holocrystalline  at  specific 
gravity  of  3.00,  is  about  2.74;  that  for  a  type  holocrystalline  at  3. 10 
is  about  2.83 — both  these  values  being  calculated  from  the  data  of 
Bams  and  Douglas.  There  seems  to  be  good  reason  to  believe, 
therefore,  that  the  remelted  and  more  or  less  perfectly  dissolved 
phcnocrysts  would  not  sink  indefinitely  deep  in  the  lava  colunm,  but 
would  come  to  rest,  forming  one  or  more  ultra-ba^c  layers  in  the 
conduit. 

In  an  active  volcano  the  time  allowed  for  the  growth  and 
sinking  of  phenocrysts  may  be  long  enough  for  a  complete  differ- 
entiation, or  it  may  suffice  only  to  remove  some  of  the  olivine  and 
magnetite  from  the  cooling  surface  layer  of  the  column,  or  it  may 
be  so  short  as  to  forbid  the  growth  of  phenocrysts  in  the  vent.  Emp- 
tion  will  necessarily  arrest  or  greatly  retard  the  process.  Where  the 
outflow  is  rapid  and  continuous  the  original  olivine  basalt  appears  at 
the  earth's  surface.  There,  of  course,  the  rapid  cooling  generally 
prevents  recognizable  difTerentiation  in  the  way  possible,  and,  appar- 
ently necessary,  in  the  vent  itself  when  the  basalt  stands  within  it  for 
a  considerable  time. 

We  have,  then,  to  expect  in  nature  a  continuously  graded 
series  of  lavas  from  pure  olivine  basalt,  through  olivine-free  basalt, 
to  those  phases  of  the  mother-liquor  which  must  approximate 
a  basic  augite  andesite  and  then  an  acid  augite  andesite.  The 
last  rock  would  thus  represent  the  one  phase,  the  more  voluminous 
phase,  of  this  kind  of  differentiation.  In  view  of  the  notably  uniform 
composition  of  olivine  basalts  throughout  the  world  we  must  further 
expect,  that,  in  all  cases  where  the  fractional  crystallization  has  run 
a  complete  course,  the  more  acid  phase  should  be  relatively  imiform 
in  chemical  composition.  Its  phenocrysts  form  when  the  magma's 
viscosity  is  relatively  high  and  sinking  is  very  slow. 

The  other  products  of  the  differentiation  must  also  show  a  very 
great  variation  in  composition.  According  to  the  special  thermal 
conditions  and  shape  of  each  lava-column,  the  phenocrysts  must  sink 
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to  diflFerent  depths,  and  be  segregated  or  dissolved  in  highly  different 
proportions  in  different  levels  of  the  lava-column.  From  the  original 
olivine  basalt  many  types  of  ultra-basic  basaltic  magma  and  of  peri- 
dotitic  magma  might  be  developed  in  the  same  conduit.  During 
energetic  eruption  or  intrusion  into  the  walls  of  the  conduit  these 
might  become  mixed  with  each  other  and  the  resulting  rocks  present 
just  such  great  variation  as  is  actually  observed  in  the  peridot ite 
family.  Many  peridotites,  the  picrites,  limburgites  (magma  basalts), 
and  abnormally  olivinitic  basalts  are,  in  this  view,  the  rocks  derived 
from  the  fractional  crystallization  of  olivine  basalt,  while  augite 
andesite  represents  the  other  pole  of  the  differentiation. 

TESTS   OF  THE   HYPOTHESIS 

I.  Chemical  relations, — The  view  that  olivine  basalt  may  be  the 
parent  of  augite  andesite  and  of  several  ultra-basic  igneous  types  is 
well  supported  by  a  comparison  of  Streng's  total  analysis  of  a  dolerite 
and  his  analysis  of  its  own  glassy  base.'     The  two  are  here  quoted. 


The  phenocrysts  of  the  dolerite  include  andesine,  augite,  enstatite, 
and  olivine;  and  magnetite  is,  of  course,  a  noteworthy  constituent. 
The  composition  of  the  glassy  base  clearly  tends  toward  that  of  an 
augite  andesite,  though  the  whole  possible  amount  of  phenocr\stic 
development  was,  in  the  case  of  this  dolerite,  not  attained.  Strong 
observed  that  the  phenocrysts  were  largely  or  altogether  wanting  in 
the  upper-surface  layer  of  the  dolerite  flow,  but  he  thought  it  "  improb- 
able" that  their  absence  was  due  to  settlement  of  the  crystals.  He 
attributed  the  phenomenon  rather  to  the  operation  of  Soret's  principle, 
I  Neues  Jahr.  fiir  Min.,  eU.,  1888(2),  p.  211. 
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the  flow  having  undergone  true  magmatic  splitting  under  the  influence 
of  a  maximum  rate  of  cooling  at  the  siirface.  As  a  result  of  the 
magmatic  differentiation  the  lava  crystallized  differently  near  the 
surface  and  within  the  main  body  of  the  flow.  To  petrologists  of  the 
present  day  this  Wcw  must  seem  highly  improbable,  as  it  involves 
an  impossible  speed  of  molecular  diffuaon.  The  alternative  view, 
rejected  by  Streng,  that  the  andesitic,  phenocryst-fnre  surface  phase 
is  due  to  settlement  of  the  olivine  and  pyroxene,  certainly  seems  more 
worthy  of  belief. 

Secondly,  the  h}'pothesis  of  fractional  crystallization  might  be 
tested  by  a  comparison  of  the  analyses  of  the  world's  average  olivine 
basalt,  augite  andesite,  and  ultra-basic  rocks,  along  with  the  average 
analysis  of  each  of  the  staple  phenocrysts  in  olivine  basalt.  An 
approximation  to  most  of  these  averages  has  been  made  possible 
through  Osaim's  great  compilation  of  the  rock-analyses  made  between 
the  years  1884  and  1900.'  From  his  tables  an  average  of  all  the 
available  typical  analyses  for  each  rock-species  has  been  calculated 
by  the  present  writer. 

In  Table  I,  Column  1,  the  average  composition  of  161  typical 
basalts  (largely  olivine-bearing),  is  entered.  In  Columns  2  to  6  are 
entered,  in  order,  the  average  compositions  of  11  Hawaiian  basalts, 
17  olivine  diabases,  9  dolerites,  11  melaphyres,  and  17  olivine  gabbros. 
In  Column  7  is  entered  the  average  of  the  198  analyses  which  include 
all  but  the  olivine  gabbros.  Since  some  of  the  basalts  are  olivine- 
free  (perhaps  through  settling  out  of  the  phenocryst)  it  seems  prob- 
able that  the  addition  of  the  17  olivine  gabbro  analyses  to  the  averse 
total  would  render  it  more  nearly  representative  of  the  true  world- 
average  than  that  shown  in  Column  7. 

Column  8  of  Table  II  indicates  the  result  of  averaging  all  215 
analyses  given  in  partial  averages  in  Columns  i,  3,  4,  5  and  6,  Table  I, 
and  hence  represents  rather  closely  the  mean  composition  of  olivine 
basalt  throughout  the  world. 

Column  9  gives  the  result  of  averaging  33  of  the  most  typical  augite 
andesites  in  Osann's  compilation.  Columns  10,  11,  and  12  give  the 
similar  averages  of,  respectively,  49  peridotites,  7  limburgites  and  3 
picrites. 

»  A.  Osann,  Beilrdge  zur  chemischen  Petrographies  Part  2,  Stuttgart,  1905. 
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TABLE  I 
Average  Analyses — Basalts  and  Allied  Rocks 


X 

AU 
Baaak 


Hawaiian 
Baaalt 


.1 
Olivine 
Diabase 


4 
Dolerite 


Melaphyre 


6 

Olivine 
Gabbro 


First 
General 
Average 


SiO, 

TiOa 

Al.Oj 

Fc,03 

FcO 

MnO 

MgO 

CaO 

NaaO 

K,0 

H,Obelowiio*»C 
H,Oaboveiio**C 
P.O5 


48.78 
1-39 

15.85 
5-37 
6.34 
0.29 
6.03 
8.91 
3.18 
1.63 
0-73 
I  03 
0.47 


48.36 
0.66 

15-40 
6.48 

10.07 
0.80 

4.19 
8.69 

3-34 

(0.43 
0.28 


50.10 
1. 25 

14.43 
5.06 
6.31 
0.25 
732 
9.53 
2.75 
0.73 


0.27 


49.50 
1.42 

14.37 
6.55 
5.84 
0.17 

7.75 
9.96 
2.50 
0.84 
(0.29 

?o-37 
0.44 


.60 
.68 
.40 

■57 
.29 
.46 
.89 
.09 

23 
.76 

83 


46.49 
1. 17 

17.73 
3.66 
6.17 
0.17 
8.86 

11.48 
2.16 
0.78 
0.18 
0.86 
0.29 


Na  of  analyses  . . 


161 


17 


17 


49.06 
1.36 

15-70 
5.38 
6-37 
0.31 
6.17 
8.95 
3." 
152 

I  1.62 
0.45 


198 


Sum,  100.00  in  each  case. 
Sum,  100.00  in  all  analyses. 


TABLE  II 


Average  Augite  Andesite,   Olivine  Basalt,  Peridotite,  Limburgite  and 

PiCRITE 


Second  Gene- 
ral Average 
Olivine  Basalt 


9 

Augite 

Andesite 


xo 
Peridotite 


Umbtirgite 


Picrite 


SiO,... 
TiO,. . 
Al.Oj. 
FcOj. 
FcO... 
MnO.. 
MgO.. 
CaO... 
Na,0.. 
K,0. . . 
H.O... 
PaO,.. 


No.  of  analyses.. 


48.84 

1.35 
15.90 

523 
6.30 
.29 
6.38 
9.15 
3.0s 
1.46 
1.60 
0.45 


57  50 
0.79 

17.33 
3.78 
3.62 
0.22 
2.86 
5.83 
3.53 
2.36 
1.88 
0.30 


44.39 
0.88 

5.14 
3-88 
6.70 
0.19 
29.17 

6.31 
0.64 
0.76 
1.80 
0.14 


41.69 

0.67 

14.80 

15.04 


8.64 
11.98 
3.52 
1. 17 
2.36 
0.13 


215 


33 


49 


43  24 


15  19 
8.62 

7.89 


8.56 
13  78 
0.54 
0.48 
1 .21 
0.49 


Sum,  100.00  in  each  case. 

All  of  these  averages  were  made  after  the  method  of  Washington 
and  Clarke  in  their  latest  determinations  of  the  average  rock-analysis 
for  the  world.    Thus,  the  average  for  each  oxide  is  based  only  on  the 


4IO 


EEdSALD  A.  DALY 


actual  cumber  of  its  detominatioos  in  the  respective  group;  "  tiace" 
is  taken  to  mean  o.ci  per  cent. 

For  the  purpose  ot  making  a  fair  ocmiparisoa  amcmg  tbcse  averages 
it  is  necessar}-  to  recalcxilaie  them  all  as  anhjrdrous;  for,  clearly,  a 
large,  thou^  unknown,  firactioa  of  the  water  entered  in  the  hun- 
dreds of  analyses,  must  be  regarded  as  mechanically  absorbed 
water. 

Table  III.  Columns  13. 14, 15, 16,  and  17,  shows  these  recalculated 

averages. 

T.\BLE  m 

RxcuxrruiTXD  Amuycxs*  Watxk  Excutded 


«5 


«5 


16 


17 
Pkrite 


SiOi     .  40-<^> 

TiOa i.y: 

.\ia<  », I?    ID  -.--.  .---^ 

Fe,Ot 5.31  5.S5  3.95    I 

Tc^J 0-4=  ?  6q  6.82    ) 

Mnij C.2Q 

M^:» 6.4S 

CaV»     .     .  o  5c 

Ni,--' 5  1  = 

K..'.' I  i> 

P,0, r  d^ 

T:tb!e  I\'.  Colurr.r.  i5.  indicates  the  average  composition  of  the 
ol:\^lr.c  ^•htT.^xr^-^:5  in  ba>al:.  according  to  Rammelsbei^.'     Column 

TABLE   IV 
Crvp-^TTirv  OF  Phf-vocrvsts  ix  Oli\ixx  Basalt 


5S-65 

45 -« 

z  So 

0.90 

i:  «^ 

5  »5 

3-S5 

3  95 

560 

6.S2 

0.22 

0.19 

2  90 

39.70 

5  02 

643 

?  00 

0.65 

-    43 

c  77 

C    *- 

ou 

42.69 

0.68 

15.18 

15-43 


8.85 
12.27 

358 
1. 19 

013 


43-77 

1537 
J  8.7a 
i    7-99 

8.66 
13 -95 

0-55 
0.49 
0.50 


Ri—racisScTi: 


10 


Labndorite 


Anorthite 


SiO, 

M:uV 
K,vV 


-II    ci 


47  72 

I.IC 

5.12 

5  3» 

c-50 

14. 01 

--C  71 

c.So 

C.42 


55-55 
28-35 


43-16 
36  72 


10.36 
5  74 


2.75 


\0«.>«s>i  :n  /^av-'s  :^*'>w<  Je^  rtcr.p-^i^kie.  3d  ed.  11893),  Vol.  I,  p.  353. 
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19  gives  the  result  of  averaging  14  analyses  of  augite  phenocrysts 
from  basalt,  dolerite,  limburgite,  and  labradorite  porphyrite,  as  stated 
in  the  appendix  to  Osann's  compilation.  Columns  20  and  21  represent 
typical  analyses  of  labradorite  and  anorthite  respectively. 

By  the  settling-out  of  olivine,  augite,  and  magnetite  the  molten 
lava  or  mother-liquor,  must,  when  compared  with  the  original  basalt, 
be  poorer  in  iron  oxides,  magnesia  and  lime,  and  richer  in  silica, 
alumina  and  the  alkalies.  The  change  in  alumina  might  be  slight, 
provided  that  the  anorthite  phenocrysts  also  settled  out.  Crystals  of 
labradorite  and  andesine  would  slowly  rise  and  enrich  the  upper  part 
of  the  lava-colunm  with  silica,  alumina,  and  soda.  Chemically  the 
average  augite  andesite  appears  to  correspond  to  the  mother-liquor, 
possibly  bearing  up-floated  plagioclase  crystals,  while  many  of  the 
ultra-basic  rocks,  picrite,  limburgite,  dunite,  harzburgite,  and  other 
peridotites,  correspond  to  those  magtnatic  types  developed  deep 
within  the  lava-colunm  by  the  settling  of  the  phenocrysts. 

2.  Observed  cases  of  sunken  and  risen  phenocrysts. — A  few  instances 
of  gravity  dififerentiation  accompanying  the  growth  of  phenocrysts  in 
magma  have  been  observed  in  rocks  and  also  in  artificial  melts.  Both 
Scrope,  in  1825,  and  Charles  Darwin,  in  1844,  published  hypotheses, 
now  classic,  of  such  fractional  crystallization  in  nature.  Clarence 
King,  in  1878,  adopted  their  conclusion  and  added  new  examples 
studied  by  him  at  Kilauea.  He  broke  asunder  some  of  the  thin, 
tongue-like  flows  of  once  very  fluid  basalt  and  found  that  in  every 
case  the  bottom  of  the  flow  was  thickly  crowded  with  triclinic  feldspars 
and  augites,  while  the  whole  upper  part  of  the  stream  was  of  nearly 
pure  isotropic  and  acid  glass.'  He  further  remarked  on  the  general 
absence  of  phenocrysts  in  some  of  the  great  Hawaiian  flows;  the 
crystals  sank  away  into  the  conduit  before  eruption.  Certain  other 
Hawaiian  flows  described  by  E.  S.  Dana  show  the  complementary 
feature  of  being  ultra-basic  and  crowded  with  olivine  crystals,  which 
make  up  as  much  as  50  per  cent,  of  the  rock.^  Neither  at  Kilauea 
nor  at  Mauna  Loa,  however,  would  one  expect  to  find  a  notable 
dififerentiation  of  augite  andesite.  The  extreme  fluidity  of  lava- 
columns  in  both  of  the  great  pits  seems  to  indicate  general  tempera- 

«  U,  S.  Geol  Explor,  40ih  Parallel,  Sys.  Geol.,  1878,  p.  716. 

•  J.  D.  Dana,  Characteristics  of  Volcanoes  (New  York,  1891),  p.  324. 
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tures  above  those  at  which  even  olivine  can  form.  The  "white" 
heat  of  the  huge  lava-fountains  corresponds  to  a  temperature  of  1300^ 
C.  or  over.'  Granting  that  the  Hawaiian  conduits  have  always  been 
so  much  superheated,  it  is  not  surprising  that  so  few  types  of  lava, 
other  than  olivine  basalt,  have  been  foimd  on  the  island. 

Iddings  has  described  a  striking  case  of  the  ^king  of  the  au^te 
phenocrysts,  enriching  a  thick  layer  at  the  bottom  of  a  30-foot  intru- 
sive sheet  on  Electric  Peak,  YeUowstone  Park."  It  is  not  clear  why 
so  thin  a  sheet  should  have  been  diflFerentiated  and  thus  stand  in 
contrast  to  hundreds  of  mapped  sills  of  at  least  as  great  thickness,  in 
which  no  differentiation  is  visible.  Possibly  the  explanation  is  to  be 
found  in  the  fact  that  the  Electric  Peak  sill  is  imusually  rich  in  sul- 
phur trioxide,  chlorine,  lithia,  and  "combined"  water — substances 
which  tend  to  lower  the  viscosity  of  magmas.  In  this  case,  though 
the  magma  was  rather  quickly  chilled  against  the  inclodng  shales, 
the  dissolved  volatile  matter  maintained  the  fluidity  long  enough  for 
the  phenocrysts  to  fall  to  the  bottom. 

Against  the  hypothesis  of  fractional  crystallization  and  gravitative 
sinking,  it  might  be  objected  that  the  heavy  minerals  of  early  genera- 
tion in  gabbros  and  other  plutonic  types  which  have  crystallized 
under  slow-cooling  conditions,  are  generally  quite  uniformly  distri- 
buted through  rock  and  show  no  concentration  by  gravity.  There 
are,  however,  good  reasons  to  believe  that  each  plutonic  magma, 
before  any  crystallization  begins,  is  regularly  cooled  down  several 
hundred  degrees  of  the  Centigrade  scale  below  the  melting-point  of 
the  rock  resulting  from  the  crystallization  of  the  magma.  The 
experiments  of  Oetling^  and  Amagat^  show  that  pressure  is  a  principal 
cause  of  this  retardation  of  crystallization.  According  to  Vflain^ 
the  retention  of  the  volatile  solvents,  such  as  chlorides,  would  further 
tend  to  lower  the  temperature  of  crystallization  in  depth,  while  their 
escape  at  a  volcanic  vent  would  allow  crystals  to  form  at  a  higher 

»  Cf.  H.  Le  Chatelier  and  O.  Boudonard,  High  Temperature  Measurements, 
trans,  by  G.  Burgess,  New  York,  1904,  p.  246. 

a  Monograph  32,  Pt.  2,  U.  S.  Geol.  Surv.,  1899,  p.  82. 

3  Tscher,  min,  u.  petrog.  Mitt.,  Vol.  XVII,  1897,  P-  332- 

4  Comptes  RenduSf  No.  16,  1893. 
s  Op.  cit.,  p.  181. 
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temperature  and  therefore  during  a  less  viscous  stage  of  the  magma's 
history.  In  an  under-cooled  silicate  melt  crystals  must  sink  but 
slowly. 

The  crystallization  of  most  plutonic  magmas  and  of  lavas  at  the 
earth's  surface  are  thus  believed  to  take  place  under  strongly  con- 
trasted conditions.  At  the  surface  of  a  lava-column  olivine,  mag- 
netite, augite,  and  plagioclase  begin  to  form  at  high  temperatures, 
when  the  viscosity  is  relatively  low;  the  time-interval  of  crystallization 
for  the  whole  magma  is  relatively  long.  Under  plutonic  conditions 
the  same  minerals  crystallize  at  lower  temperatures,  when  high 
viscosity  is  established  and  (because  of  under-cooling)  the  time- 
interval  of  crystallization  is  probably  short. 

Nevertheless,  in  some  plutonic  bodies  of  large  size  a  certain  amount 
of  fractional  crystallization  and  settlement  of  basic  minerals  may 
have  actually  taken  place.  Kemp  has  suggested  that  the  anorthosites 
of  the  Adirondacks  have  been  derived  from  more  normal  gabbro 
as  a  result  of  the  sinking  of  the  heavy  constituents,  either  crystallized 
or  still  molten.  He  considers  that  the  titaniferous  magnetites  of  the 
region  were  erupted  into  the  anorthosite  after  the  anorthosite  had 
consolidated,  and  implies  that  the  molten  ore  has  been  derived 
from  a  couche  which  was  formed  from  settled-out  magnetite.'  The 
relation  of  anorthosite  and  magnetite  would,  thus,  be  analogous  to 
that  postulated  between  augite  andesite  and  certain  olivine-rocks. 
Secondly,  it  is  further  possible  that  many  basic  contact -zones  represent 
those  parts  of  the  respective  intrusive  masses  where,  on  account  of 
the  relatively  rapid  cooling,  the  settling  of  basic  minerals  has  been 
specially  restrained,  while  the  process  has  notably  affected  the  com- 
position of  the  slower-cooling  interior  of  each  mass.  According  to 
Kemp  and  Gushing^  the  huge  anorthosite  masses  of  the  Adirondacks 
are  characterized  by  wide  contact-zones  of  rock  relatively  rich  in 
pyroxene  and  magnetite  (gabbro  and  anorthosite-gabbro).  This 
gabbroid  phase  is  usually  finer  grained  and  was  presumably  chilled 
more  rapidly  than  the  main  body  of  the  anorthosite. 

«  Nineieenih  Annual  Report,  U.  S.  Geological  Survey,  pt.  3,  1899,  p.  417. 

a  H.  P.  Gushing,  Geology  of  Franklin  County,  i8th  Report  of  the  State  Geologist 
(Albany,  1900),  p.  loi;  New  York  Stale  Museum  BuU.  No.  g§  (1905),  p.  305  and 
Bulk  IIS  (1907).  P-  471- 
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It  is  obvious  that  the  gravity-separation  of  phenocrysts  in  lava 
which  has  once  escaped  from  its  conduit  and  then  cooled  rapidly,  will 
not  be  conspicuous  in  the  average  flow.  The  separation  will  be  most 
pronoimced  in  the  upper  levels  of  an  active  volcanic  neck  or  lava- 
fiUed  fissure. 

The  rising  of  phenocrysts  in  magma  more  dense  than  themselves 
has  seldom  been  actually  observed,  partly  for  the  reason  that  few 
phenocrysts  are  lighter  than  their  matrix.  Mercalli  has  described  a 
case  of  the  concentration  of  leucite  phenocrysts  (sp.  gr.  at  iioo°C. 
about  2.42)  in  the  surface  layer  of  an  1883  flow  of  Vesuvian  lava 
(sp.  gr.  molten  at  1100°  C.  about  2. 70).*  An  analogous  instance  is 
recorded  by  Morozewicz  who  foimd  that  tridymite  (sp.  gr.  at  1300°  C. 
2.24),  derived  from  converted  quartz  grains,  floated  to  the  top  of  a 
crucible  in  which  he  had  melted  two  poimds  of  granite  (sp.  gr.  at 
1300^0.  about  2.40).' 

3.  AndesUe  actually  observed  to  have  been  derived  from  basalt  at  an 
active  volcano, — But  all  deductive  argument  for  the  hypothesis  must, 
in  order  to  be  entirely  convincing,  be  supplemented  with  the  positive 
facts  of  the  field.  The  great  value  of  V^lain's  discovery  in  the  He 
de  la  Reunion  (Bourbon)  has  surely  never  been  adequately  recognized 
in  discussions  on  the  origin  of  magmas.^  A  few  weeks  before  his 
party  reached  Reunion  the  8000-foot  volcano  at  the  southeastern  end 
of  the  island  erupted  fluid  lava  at  its  summit  and,  simultaneously, 
other  lava  issued  from  a  fissure  on  the  flank  of  the  volcano,  a  fissure 
which  communicated  with  the  main  vent. 

The  lava  issuing  at  the  summit  was  relatively  acid  and  had  a  com- 
position apparently  similar  to  that  of  the  lava  collected  at  the  summit 
in  the  walls  of  the  crater  itself.  The  latter  was  analyzed  by  V^lain, 
with  the  following  result : 

SiOa 57.49      NaaO 3.64 

Al.Oj 16.41      KaO 2.92 

^^0 10.65          Loss  on  ignition                 .  0.13 

MnO 0.06  

MgO 1.23  100.05 

CaO 7.52      Sp.gr 2.79 

'  AUi  della  Soc.  Hal.  di  scienze  not.,  Vol.  XXVII,  1884. 

»  Tscher.  min.  u.  petrog.  Milt.,  Vol.  XVIII,  1898,  p.  332. 

3  C.  V^lain,  Mission  de  Vile  Saint-Paul  (Paris,  1888),  pp.  loi  flF. 
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This  rock  appeared  to  be  quite  holocrystalline  and  was  essentially 
composed  of  feldspar  microclites,  augite  and  iron  oxide;  olivine  was  a 
rare  accessory.  The  augite  and  feldspar  appear  in  large  part  to  have 
crystallized  at  the  same  time. 

The  lava  from  the  flanking  fissure  was  examined  and  f oimd  to  be 
very  dense  (sp.  gr.  2.97)  and  much  more  basic  than  the  lavas  at  the 
edge  of  the  crater  "qui  datent  pourtant  de  la  m£me  phase  Eruptive. " 
This  basic  lava  carried  only  48.98  per  cent  of  silica.  It  is  rich  m 
oUvine,  magnetite  and  augite,  with  which  less  abimdant  crystals  of 
anorthite  are  associated. 

Ainsiy  ddversement  d'une  lave  vitreuse,  rdativement  riche  en  silica,  par-dessus 
les  bords  du  cratfere  comme  un  trop-|dein,  puis  soutirage  par  des  crevasses  lat^- 
raleSy  ouvertes  k  une  aasez  grande  distance  du  sommet,  d'une  lava  tout  k  la  fois 
l^us  basique  et  jdus  dense,  chaig^e  de  peridot,  mais  se  rapprochant  de  la  pr^c^- 
dente  par  la  nature  de  son  dl^ment  fddspathique  (anorthite),  tels  sont  les  deux 
ph^nomhies  consdcutifs  pr^sent6s  par  P^ruption  de  1874.  On  peut  les  con- 
sid^rer  comme  repr^sentant  la  marche  habituelle  des  Eruptions  de  ce  volcan.' 

The  basic  lava  was  observed  to  flow  slowly,  so  that  one  may  conclude 
that  the  temperature  was  well  below  1200®  C.  or  the  point  at  which 
olivine  begins  to  form  in  a  cooling  basalt.  Other  recorded  flows  of 
basaltic  nature,  such  as  that  of  181 2,  ran  with  great  speed,  indicating 
hi^er  temperatures  and  much  lower  kinetic  viscosity.  The  tempera- 
ture of  the  lavas  within  the  vent  is,  thus,  sufl&ciently  variable  to  allow 
of  their  intermittent  differentiation  by  the  sinking  of  phenocrysts.  In 
the  process  of  time  the  island  has  been  built  up  by  alternating  flows 
of  olivine  basalt,  basic  and  acid  augite  andesites,  and  either  true 
picritic  rocks  (described  by  V^lain)  or  their  near  relatives,  ultra- 
basic  basalts.  Normal  olivine  basalt  formed  the  original  lava, 
whence,  through  fractional  crystallization,  the  other  types  were 
derived. 

4.  General  field  relations. — The  h)rpothesis  implies  that,  in  general, 
the  derivation  of  augite  andesite  and  olivine  rocks  from  olivine  basalt 
takes  place  in  the  relatively  small  openings  represented  by  volcanic 
vents;  secondly,  that  the  effective  differentiation  occurs  only  when  the 
lava  column  stands  in  the  vent  for  a  considerable  time,  and  at  tempera- 
tures ranging  between  1200®  and  1050®  C;  thirdly,  that  the  peri- 
^  C  Vdlain,  op.  cU,^  p.  182. 
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dotitic,  limburgitic  or  picritic  magma  resulting  from  the  remelting  of 
the  settled  phenocrysts,  would  form  at  the  base  of  the  lava-column  and 
would  be  considerably  smaller  in  volume  than  the  correlative  andesite; 
fourthly,  that  the  heavy,  ultra-basic  magma  would  of tener  form  intru- 
sive than  extrusive  rocks,  and  would  fill  fissures  either  in  the  basal 
beds  of  the  cone  itself  or  in  the  older  formations  on  which  the  cone 
rests;  fifthly,  that  the  primary  basaltic  magma  is  directly  represented 
on  the  earth's  surface  where  the  lava  was  erupted  rapidly  in  great 
voliune,  and  at  such  temj)eratures  that  the  phenocrysts  of  large  size 
had  not  yet  formed  in  abundance;  and,  sixthly,  that  augite  andesite 
would  be  most  often  developed  in  and  about  the  great  volcanic 
cones,  in  the  building  of  which  the  physical  conditions  and  the 
duration  of  eruption  were  appropriate  for  pronounced  fractional 
crjrstallization. 

These  various  impUcations  seem  to  be  fairly  matched  by  the  facts 
of  rock-distribution  and  rock-occurrence.  The  whole  group  of  rocks 
here  considered — basalts,  andesites,  peridotites,  picrites,  limburgites, 
etc.,  are  consanguineous  and  several  of  them  are  commonly  associated 
in  the  field.  Where  some  of  the  derivatives  are  lacking  in  the  existing 
outcrops,  as  in  some  of  the  British  Columbia  cases,  the  others  may  have 
been  eroded  away,  or,  on  the  other  hand,  have  not  yet  been  revealed 
by  erosion.  The  ultrabasic  rocks  never  form  bodies  of  batholithic 
size  but  form  dikes,  sheets,  **chonoliths,"'  etc.,  and  are  thus  always 
in  such  development  as  is  explicable  on  this  hypothesis.  They  form 
injected,  not  subjacent  bodies.  The  olivine  basalts  are  most  largely 
developed  in  the  vast  la\^-fields  of  the  fissure- eruption  type,  where 
the  emission  of  the  primary  lava  has  been  too  rapid  for  dilBFerentiation 
in  the  fissures.  Augite  andesite  is  most  characteristically  found  in 
and  about  the  greater  cones,  like  those  of  the  Andes  mountain  system 
or  like  most  of  the  hundreds  of  very  lofty  cones  rising  from  the  floor 
of  the  deep  sea.  It  has  been  already  pointed  out  that  the  Hawaiian 
volcanoes  carry  superheated  lavas,  which,  on  accoimt  of  the  hi^ 
temperature  of  the  main  body  of  each  lava-colunm,  cannot  usuaUy 
undergo  pronounced  fractional  crystallization;  yet  the  studies  of 
J.  D.  and  E.  S.  Dana  show  that  some  separation  into  olivine-free 
basalt  and  ultra-basic  basalt  has  taken  place  before  some  of  the 

X  Journal  of  Geology^  Vol.  XIII,  1905,  p.  485  flF. 
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eruptions.  King's  observations  warrant  the  belief  that  some  differ- 
entiation by  fractional  crystallization  occurs  in  the  lava  after  it  escapes 
from  the  calderas  of  Hawaii.  However,  the  Hawaiian  rocks  are 
more  allied  to  those  of  an  Idaho  or  Oregon  lava-flood  than  to  the 
typical  andesites  of  Ecuador.  The  poverty  of  Etna  lava  in  pheno- 
crysts  may  be  explained  as  due  to  the  partial  differentiation  of  the 
primary  olivine  basalt.* 

5.  Relation  of  augUe  andesite  to  other  andesites. — The  hypothesis  has 
been  framed  on  the  supposition  that  the  primary  basaltic  magma  has  not 
been  essentially  affected  by  its  solution  or  assimilation  of  chemically 
contrasted  rock,  material  with  which  the  lava  makes  contact  as  it 
rises  or  lies  in  the  volcanic  conduit.  It  is,  however,  most  probable 
that  the  primary  lava  may  in  many  cases  absorb  a  certain  amount  of 
foreign  material,  either  rock  or  fluid,  and  that  the  products  of  fractional 
crystallization  must  then  vary  notably  from  the  few  types  so  far 
mentioned.  The  process  itself  may  be  aided  or  retarded  by  such 
absorption,  according  as  the  absorption  affects  the  temperatures 
of  crystallization  or  the  viscosity.  Phenocrysts  and  ground-mass 
must  change  in  chemical  composition.  Their  separation  by  gravity 
would,  then,  produce  magmatic  materials  not  directly  corresponding 
to  aupte  andesite  nor  to  any  of  the  ultra-basic  rocks  formed  directly 
from  olivine  basalt. 

Hornblende  andesites,  mica  andesites,  dacites,  etc.,  may,  on  this 
view,  be  derivatives  of  the  primary  basalt  which  has  been  modified 
by  the  assimilation  of  foreign  rock-substance;  while  certain  of  the 
peridotites  may  represent  some  of  the  correlative  differentiates  of  the 
compoimd  lava.  In  a  similar  manner,  one  might  possibly  consider 
many  lamprophyres  and  aplites  as  due  to  the  analogous  differentiation 
of  their  respective  parent-magmas  by  the  settling  of  basic  minerals 
from  the  latter  in  its  magmatic  condition.  It  is  not  here  the  writer's 
purpose  to  discuss  these  possibilities  in  detail;  they  are  noted  rather 
to  point  to  his  belief  that  the  commonly  observed  field  associations 
and  cjbemical  relationships  of  augite  andesite  and  other  andesites 
are  facts  not  opposed  to  the  hypothesis  outlined.  It  is,  however, 
by  no  means  intended  to  express  the  belief  that  all  andesites  or  all 

s  Cf.  H.  Rosenbusch,  Mikros,  Physiographie  der  massigen  Gtsteine,  3d  ed.  (Leipzig, 
1896),  p.  XOII. 
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peridotites  have  been  formed  through  gravity  separation  of  basic 
minerals;  such  a  view  is  manifestly  wrong. 

6.  The  rival  hypothesis  of  magmatic  differentiation. — Finally,  the 
hypothesis  should  meet  the  test  of  showing  superiority  over  an 
obvious  alternative  suggestion.  It  might  be  conceived  that  augite 
andesite  is  due  to  the  splitting  of  the  basaltic  magma  before  crystal- 
lization set  in.  In  this  view  one  must  suppose  that  the  splitting  is  due 
to  a  drastic  change  of  physical  conditions  when  the  lava  passes  from 
abyssal  levels  to  levels  at  or  near  the  surface.  The  pressure  is  cer- 
tainly very  different  in  the  two  positions.  However,  no  facts  are  in 
hand  to  show  that  a  release  of  pressure  causes  immiscibility  between 
two  such  magmas  as  molten  andesite  and  molten  peridotite,  the  two 
actually  observed  differentiates.  If  release  of  pressure  alone  caused 
the  spontaneous  splitting  of  olivine  basalt  into  lighter  andesite  and 
heavier  peridotite,  we  should  very  rarely  expect  to  find  true  olivine 
basalt  on  the  earth's  surface,  for  most  of  these  fluid  lavas  spend  a 
considerable  time  in  their  conduits  before  being  erupted.  Against 
the  idea  is,  further,  the  absence  of  any  known  physical  reason  why 
release  of  pressure  should  cause  immiscibility.  Experiments  seem, 
on  the  contrary,  to  show  that  increase  of  pressure  tends  to  promote 
immiscibility. 

Immiscibility  might  conceivably  ensue  through  a  fall  of  tempera- 
ture from  a  superheated  condition,  but  there  is  no  direct  evidence  that 
the  phenomenon  has  a  place  in  the  history  of  volcanic  cones  or  fissure- 
vents. 

However  probable  may  be  the  doctrine  of  inmiiscibiUty  for  certain 
magmas  under  plutonic  conditions,  we  may  regard  the  evidence  on 
the  problem  as  negative  so  far  as  volcanoes  are  concerned.  The  case 
may  be  summed  up  thus:  The  basaltic  magma  may  split  spontane- 
ously into  two  or  more  magmas  at  a  volcanic  vent,  but  the  phenocrysts 
of  a  molten  basalt  must  sink  while  the  lava  undergoes  the  extremely 
slow  cooling  within  the  vent.  Possibly  both  methods  of  dififerentiation 
are  active.  For  the  one  advocated  specially  in  this  paper  the  physical 
conditions  are  quite  simple  and  are  largely  understood  quantitatively. 
The  alternative  view  is  at  present  a  somewhat  elusive  conception  for 
the  petrologist  and  has  few  field-observations  or  compelling  deductive 
considerations  in  its  favor.     It  should,  however,  be  added  that  the 
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writer  believes  in  magmatic  splitting  under  other  conditions  than  those 
at  the  crater  of  a  basalt  volcano.  Either  hypothesis  will,  of  course, 
recognize  augite  andesite  as  a  derivative  from  olivine  basalt;  the 
balance  of  probability  is  here  attributed  to  the  hypothesis  of  fractional 
crystallization. 

SUIOCARY  AND  CONCLUSION 

The  purpose  of  the  writer  has  been  to  state  the  results  of  correlating 
many  scattered  items  of  fact  derived  from  experimental  and  field 
studies.  The  correlation  seems  strongly  to  support  the  early  views 
of  Scrope,  Darwin,  and  others  as  to  the  efficiency  of  fractional  crystal- 
lization in  the  formation  of  igneous  rocks.  It  is  only  quite  recently 
that  this  general  h)rpothesis  could  be  put  on  a  quantitative  basis. 
Even  now  there  are  needed  many  additional  physical  and  chemical 
determinations  before  the  hypothesis  can  reach  its  full  measure  of 
conviction  for  the  petrologist.  Nevenheless  a  compilation  of  ihe 
already  established  facts  seems  to  show  that  the  idea  of  rock-diflFer- 
entiation  by  the  gravitative  separation  of  certain  minerals  gains 
greatly  in  meaning,  force,  and  usefulness  when  applied  to  actual 
rock-types  and  to  actual  petrographical  provinces. 

The  hypothesis  explains  the  origin  of  a  considerable  number  of 
igneous  rock-types.  Augite  andesite  and  many  olivine-free  basalts 
form  what  may  be  called  one  pole  of  the  differentiation  of  olivine 
basalt.  Picrite,  limburgite,  many  peridotites  and  other  ultra-basic 
types  form  the  other  polar  group  of  diflferentiates.  The  conditions 
for  the  difiFerentiation  in  the  typical  and  general  case,  involve,  in 
each  case,  a  somewhat  prolonged  residence  of  the  primarj'  basalt  in  a 
volcanic  vent  in  which  the  temperature  varies  from  about  1 200®  to  about 
1050®  C.  The  phenocrysts  formed  in  the  lava  at  these  temperatures, 
must  slowly  but  surely  sink.  They  then  collect  in  the  lower  part  of  the 
lava-colimm.  While  still  undissolved,  they  may  be  erupted  along  with 
the  fluid  lava  in  which  they  rest,  giving  ultra-basic  porphyritic  lavas; 
or,  as  seems  more  probable,  they  are  slowly  dissolved  in  this  lower, 
hotter  part  of  the  lava-column,  forming  one  or  more  ultra-basic  layers 
which,  on  injection,  cr}'stallize  into  peridotites  or,  following  extrusion, 
develop  picritic  or  limburgitic  rocks. 

The  hypothesis  is  backed  up  by  a  comparison  of  the  average  olivine 
basalt  and  average  augite  andesite  of  the  world;  by  a  comparison  of 
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the  chemical  Eahire  of  an  individual  and  typical  olivine  basalt,  its 
phenocr)sts  and  its  base;  by  the  fortunate  ixrcujrrence  of  simultaneous 
eruptions  from  the  crater  and  low-lying  lateral  fissure  at  the  Reunion 
volcano  where  V€lain  shows  the  differentiation  has  taken  place  ideally; 
by  the  abundant  proofs  that  heavy  crj^stals  do  and  must  dowly  ^k  and 
light  or)  stals  slowly  rise  in  lavas,  and  in  rock-melts;  by  the  weU-knowB 
facts  of  field-association  and  bodily  development  of  augite  ande^te, 
olivine  basalt  and  ultra-basic  rocks  throughout  the  different  continents. 
If  the  hypothesis  correctly  represents  the  facts  and  the  augitc 
andesites  of  the  sea-fioor  volcanoes  and  of  so  many  continental 
volcanoes  arc  truly  derivatives  of  oli\ine  basalt,  we  have  one  more 
imiM)rtant  link  in  the  chain  of  argument  leading  to  the  belief  that 
basaltic  magma  forms  the  univer&al  substratmn  of  the  earth*s  crust 
today  and  has  formed  that  substratum  since  Keewatin  (early  Archean) 
times.  With  this  conception  as  a  working  theory  the  writer  also  con- 
nects the  view  that  the  crust  overlying  this  basaltic  substratum  is 
stratified  by  density,  so  that  the  lower  layer  of  the  crust  is  crystallized 
basaltic  magma  (gabbro,  possibly  merging  upward  into  anorthosite)  and 
the  upper  layer  is  a  composite  of  dominantly  acid  material-  This  latter 
is  considered  as  made  up  largely  of  original  granite  or  gncissic  rock, 
similar  to  the  staple  fundamental  gneiss  of  the  pre-Cambrian^a  layer 
probably  less  than  thirty  kilometers  thick.  This  layer  was  cr)  stallized 
in  pre-Keew^atin  time;  through  it  the  basic  Keewatin  lavas  were 
erupted ;  and  through  it  basaltic  magma  has,  from  place  to  place  and 
from  time  to  time,  ever  since  been  erupted.  The  universal  basaltic 
layer  has  thus  been  the  effective  source  of  the  heat  involved  in  the 
eruption  of  post-Keewatin  igneous  magmas.  By  the  spontaneous 
differentiation  of  the  primary  basalt  through  fractional  crystallization, 
the  few  rock-types  specially  discussed  in  this  paper,  have  been4ocally 
derived.  Most  of  the  other  eruptive  rocks  are,  on  this  same  working 
hypothesis,  regarded  as  derived  from  the  formation  and  differentiation 
of  magmas  which  are  the  product  of  the  solution  of  the  acid,  original 
gncissic  shell  and  of  its  sedimentary  veneer  in  the  primary  basalt.  In 
other  words,  both  the  "syntectic*''  (assimilation)  theory  and  the  frac- 
tional-crystallization theory  seem  to  the  writer  to  be  essential  and 
principal  elements  in  the  final  solution  of  the  genetic  problem  of  the 
igneous  rocks. 

»  F.  Locwinson-Lessing,  Congrhs  geol,  internal,  Compte  rendu,  7th  session,  St. 
Petersburg,  1897,  P-  375- 


A  TABLE  OF  INDEX  OF  REFRACTION  AND  BIREFRIN- 
GENCE OF  ROCK-MAKING  MINERALS 


W.  O.  HOTCHKISS 


With  regard  to  determining  minerals  in  thin  sections  of  rocks, 
index  of  refraction  and  birefringence  are  two  of  the  most  useful 
characteristics.  These  constants  vary  through  wide  ranges  and 
comparatively  few  minerals  possess  the  same  or  even  nearly  the  same 
index.  Consequently  if  the  index  can  be  determined  even  approxi- 
mately the  student  has  a  most  valuable  starting-point  to  aid  in  his 
diagnosis  of  an  unknown  mineral. 

The  methods  of  determining  the  index  described  in  Iddings'  Rock 
Minerals  furnish  very  delicate  means  of  comparing  the  index  of  an 
unknown  with  that  of  a  known  mineral  and  sometimes  will  serve  to 
determine  the  index  closely  enough  for  purposes  of  diagnosis,  but  it 
often  occurs  that  the  student  would  be  able  to  determine  a  mineral 
much  more  readily  if  he  had  any  means  of  actually  measuring 
the  index  in  a  rough  fashion.  While  instructing  classes  in  petrology 
in  the  University  of  Wisconsin  the  writer  spent  some  odd  hours  in 
trying  to  devise  such  a  means,  but  did  not  succeed  in  finding  any- 
thing simple  enou^  for  ordinary  use.  In  connection  with  this  work 
it  was  found  somewhat  difl&cult  to  get  students  to  appreciate 
difference  in  index  and  make  use  of  it  in  their  studies,  the  tempta- 
tion to  identify  a  mineral  simply  by  comparison — ^without  a  careful 
studyof  its  constants — ^being  too  strong  to  resist.  In  the  effort  to 
overcome  this  tendency  the  accompan)dng  table  and  diagram  were 
constructed,  and  as  they  proved  very  satisfactory  they  are  given  here 
in  the  hope  that  others  will  find  them  as  useful. 

The  diagram, as  will  be  recognized,  is  simply  an  extension  of  Becke's 
diagram  for  the  feldspars  to  include  all  minerals  whose  constants  are 
known.  The  index  is  indicated  by  a  short  vertical  line  and  the  birefrin- 
gence by  a  fine  horizontal  line.  By  giving  all  three  indices  for  the 
optically  biaxial  minerals  both  the  greatest  and  least  possible  biref  rin- 
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gence  are  shown.  The  total  length  of  the  line  represents  the  maximum 
birefringence  that  any  section  of  the  mineral  considered  can  possess. 
For  many  minerals  the  indices  are  only  partly  known.  These  are 
indicated  by  drawing  the  line  representing  the  birefringence  solid, 
when  its  approximate  length  is  known,  and  any  of  the  three  indices 
is  known.  When  an  index  is  known,  and  the  maximum  birefringence 
is  not  known,  it  is  represented  by  a  dashed  line  either  to  the  ri^t 
or  left  or  through  the  vertical  line,  according  as  the  index  is  a,  7, 
or  )8,  respectively.  The  first  case  is  illustrated  by  Forsterite, 
-)8  =  i.659,  and  the  last  three  by  Clinohimoite,  — )8«i.67o,  in 
which  the  maximum  birefringence  is  not  known. 

Minerals  do  not  have  constant  unchangeable  indices.  The 
indices  vary  with  composition  and  with  change  in  physical  condi- 
tions. These  variations  are  indicated  by  giving  both  the  lowest  and 
hi^est  sets  of  indices  and  connecting  the  similar  indices  by  fine 
diagonal  lines.  This  scheme  serves  to  connect  and  group  the  various 
members  of  mineral  series,  such  as  the  carbonates,  the  feldspars, 
the  pyroxences,  the  olivine  group,  etc.  It  also  serves  to  indicate 
change  in  sign  of  uniaxial  minerals  such  as  occurs  in  the  eucolite- 
eudyalite  series. 

As  far  as  possible  the  minerals  are  grouped  in  the  diagram  accord- 
ing to  their  relations.  The  most  important  rock-making  groups 
are  put  together  so  as  to  facilitate  comparison.  Thus  the  carbon- 
ates are  together,  and  similarily  the  amphiboles,  pyroxenes,  the 
oUvine  group,  the  mica  group,  the  feldspars  and  quartz.  About 
these  are  the  other  minerals — those  with  low  indices,  such  as  fluorite, 
leucite,  and  the  zeolites  at  the  left,  and  the  large  numbers  of  "acces- 
sory and  uncommon "  minerals  to  the  right  and  below. 

An  inspection  of  the  diagram  will  indicate  its  usefulness.  The 
space  between  any  two  heavy  vertical  lines  representing  a  diJBFerence 
in  index  of  0.020,  or,  roughly,  two  times  the  maximum  birefringence 
of  quartz,  will  be  seen  to  contain  comparatively  few  minerals,  and 
usually  there  is  a  difference  in  the  birefringence  of  these  which  serves 
for  their  easy  distinction. 

The  diagram  serves  for  the  ready  finding  of  any  mineral  correspond- 
ing to  a  known  index.  In  order  to  find  the  indices  of  a  known  mineral 
a  table  arranged  alphabetically  is  given.     The  table  gives  the  indices 
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Mfoeftl 


hatiiQ^ 

Aadiite .,  ^  ,*,«*.  ^ .«.».«. . 

AlHte,.,,.,. 

AUanite , . . . . - . 

Almandjte .... 

Aiimite. ............. ..*.... 

Aoaldte.  . — 

Andaluaite 

AndoiDe. ,,,,,«..,*, 

Aoh^rite. ,.>♦..* 

Anomiti!  (Var,  Biotite) 

Anorthite, .  , 

AnortbocSasc . 

AntophyUite ...... 

Antigoriie , , . . 

Apadte. * , , 

Apophjllite ,..,...,..,.,.,...,,,..... 
Aragewute. ....,.,.,*,...,,...., 

Astrophyllite. , . , ... 

Augitc.  ......,,,....*,. 

Aximte. « . » , .  ^ , , . . . 

Birkevikite ..,.,,..... 

Biotite -  . . . .................. 

Breialakite  (V&r.  Bvttite) 

Brcunnerite, .,.,.,.,,,,,,.,.,,,,..,,,. 

Bfewsieriie.  .......,...*., 

Bronzitc  (b«w.  Enstatite  and  Hypersthene 

Brookite^  ,..,,,*.,,,,....,,,,.. 

Bnidte 

Bytowtute 

Caldtc ,,,,,,., 

CaDcriciite  ...............*..-..... 

CarphoHte. ............. ......... 

Ca^s^mte. . ,  ♦ , , 

CeMan. ..... . . 

Chabaaate. 

Chalcedony. . . *..,.. 

Cbiosto^te  (see  Andalusitc) 

Chloritoid  (s€c  OttrcUte)  . . 

Cborvdrodilc 

ChrysoUte  (me  QliviDe} .... . 

Clinozoisitc. , . <........ 

Clinohumite. ...*,. 


Maxima  um 

ladtces  of  Re^w^ksi 

Bi. 

rcMnCcfiev 

w,  •;  * 

•»;i 

V 

i.6ia 

1 .637 

1.639 

0.017 
o.oa8 

1.600 

1. 6 16 

r.6aB 

i^Ti^a 

I  799 

1.813 

0,040 

I, sag 

^SJ^ 

1^539 

O.OIO 

1.78 

? 

? 

0.033 

? 

1.68 

? 

1.809 

>-59a 

1.57* 

o.oao 

1.487 

i.6ja 

1.638 

I  643 

O.OII 

I.S49 

1  SS3 

^^SSS 

0.006 

i.57*> 

1-576 
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0.044 

I  575 

1.584 

1.588 

0.013 

^'Sn 

i.S^    1 
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0.006 

1*653 

1.64a 

1^657 

0,024 

1.6^9 

1.630 

1.640 

O.OII 

1.490 

1 .  50a 

i-S" 

0.02a 

1.560    1 

I-S7C' 

1.571 

O.OII 

i.6jg 

1,631 

0.002 

1. 641 

1-645 

0.004 

»S36 

1-534 

►  .  ,  ,  . 

0.002 

1.538 

1.676 

1.681 

0*153 

I -554 

1.689 

1.694 

0 .  160 

£.678 

1.703 

^■733 

0-055 

1. 688 

1 .  701 

I -713 

0.035 

1.71a 

1.717 

1-733 

0.021 

1.67  a 

1.67S 

i.68t 

0.009 

1.687 

1.707 

1.708 

0.0a  1 

I-S4I 

? 
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0.039 

1.580 

? 

1.638 

0,058 

i'S*H 
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1^589 
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1.5^ 

1,717 

0.189 

? 

I  4S 

? 

o.oia 

3*5^3 

3,586 

2,741 

0.158 

1.580 

I  559 

0.021 

1. 561 

1.564 

1.569 

o.ooS 

t.486 

1.658 

0.173 

I  499 

1-523 

0.023 

1.637 

? 

? 

0.022 

<-979 

a, 080 

O.IOI 

a. 013 

a.ic^ 

0.096 

1.S84 

1.587 

1*594 

0.010 

15 

? 

..... 

0.003 

1,46 

? 

0.00a 

I  535 

1-536 

I  544 

0.011 

1.607 

1.619 

1.639 

0.030 

I  7H 

1.716 

1.724 

0.010 

? 

1 .670 

? 

..... 
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Mineral 


Indioet  of  RefrBCtkm 


Mmsdmum 

Bi- 
rpfringence 


Clinochlore 

Cordierite 

Corundophilite 

Corundum 

Cummingtonite 

Cyanitc 

Danalite  (see  Helvite) 

Datolite 

Diallage    (see   Diopside,    Hedenbergite, 

and  Augite) 

Diaspore 

Diopside 

Dipyre  (see  Mizzonite) 

Disthene  (see  Cyanite) 

Dolomite 

Dumortierite 

Enstatite 

Epidote 

Epistilbite 

Eucolite 

Eudyalite 

Fayalite 

Fluorite 

Forsterite 

Gahnite 

Gastaldite 

Gcdrite 

Gehlenite 

Gibbsite  (see  Hydrargillite) 

Glaucophane 

Gmelinite 

Goethite 

Grandidierite 

Grossularite 

Griinerite 

Gypsum 

Hainite 

Harmotomc 

Hiortdahlite » 

Hedenbergite 

Hauynitc 

Hehdte 

Hercvnite 


■585 

59a 

? 

758 
? 
.712 


1.624 


1.702 
1.699 
1. 671 


I  503 
1.678 
1.656 
1.665 
1.730 

? 
1. 618 
1. 614 
1.606 
1.824 

1.434 
? 

I  765 
1.640 


.623 
.658 


1 .621 
1.467 
1.464 

1.478 

? 
1 .602 
1.744 

1-757 

? 
1.520 

? 

I  503 

? 

? 
1732 
1.496 
1.504 
1.483 
1-739 
1.749 


586 

536 

597 

583 

766 

64 

720 


653 


722 
706 
678 


682 
686 
659 
669 
754 

51 

621 

612 

604 

864 


659 


656 


636 
663 


638 
476 
465 
480 

5 
636 


73 

523 

7 

? 

68 

71 

737 


y 
1.596 
1.539 
X.599 

? 

"?'* 
1.728 


1.669 


1.730 
1. 717 
1.700 


1.689 
1.665 
1.674 
1.768 


1.874 


? 
1.644 


1.639 


? 
1.638 


? 

I  530 

? 
1.508 

? 

? 
1.751 


O.OII 

0.007 
0.007 


0.008 
0.016 
0.045 


0.028 
0.018 
0.029 


0.179 

O.OII 

0.009 
0.009 
0.038 

O.OIO 

0.003 
0.002 
0.002 
0.050 


0.018 
0.024 
0.021 
0.005 


0.018 
0.009 

O.OOI 

0.002 


0.036 


0.056 

O.OIO 

0.012 
0.005 
0.017 
0.020 
0.019 
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MJoer&l 


Indka  d  Refrftctba 


Mudiniim 
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Hoiinblende.  ,.,»..*.* 
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loUte ....,,,..,...... 

€.,,,,.,,. 
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r^te , . . . . 

Depbelite. 

plikne. ............... 
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fupine  (&ee  Fliamatine) 
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mtite. ,,,,,,.... 

lit .,..,., 

niie, ,...,., 

tc . . 

e - 

pk&mte 

'jt  (see  Ilvaite) ........ 

itc, 

site. , 

NTite 

Ute,... 

itc 

ite......,,. 

,c, 

mnite. , 

aite. .... ......... 

ate. , , 

cellite. 

idriie. 

rvite. ,....,. 

ite_, .,.,. 

Utc......... 

te...... ......... 

sdrite, . ... 

lase. 

;  (see  AUanite)  . . 


1-498 
1.640 
1.6S0 
1.768 

? 
1. 816 

1  417 

I -458 

i'S57 
1.543 

I-S3S 

1.49 

1.368 

I.4S1 
1.69a 
1. 7 16 

? 

? 
r.S4 


i-SSS 

? 
1.665 
1.603 
1,509 
1.571 

1 .446 

'V 

? 
i'S4» 
I-SS7 
I  -^57 
1 .619 

1-593 
1.546 
1,796 
1.7S6 
1,650 
1.646 
1 .  560 
1.569 
1.478 

r  483 
1-504 
a,4S9 
1^540 
r  654 
t,443 
1.450 


* 

I 
1 
I 
1 
I 
1 

I 
1 

1 

I 

I 

I 

•V3 
499 
-643 
^725 
^793 
.643 
.721 

.540 
^54* 
.535 

r 

.89 

654 

■558 
S»4 

669 
632 
Se>8 
595 

?r 
65 
SSS 
SSM 

634 

% 

797 
789 

649 

594 
605 
483 
543 

S6a 
544 
670 

r 

656 
753 
803 
? 


543 
558 


70s 

7*7 

? 

? 

? 


563 

? 

684 

639 


S9S 


S41 

837 
66S 
658 

S98 
61  a 
493 


547 
689 


0.007 
o,©i6 
0,07a 
o.ojs 
0.038 
0.005 


0,005 
0.1005 
0.033 
o.ciia 


0,013 

O.OII 


o.oag 
o,ooS 


o.ooS 
O.Ota 
0.030 
0,019 
0.036 
0,001 
0.027 


0.20a 
o,oog 


0.013 
0.037 

0.005 

0.030 
O.O^O 
0.045 
O.QSt 

0.0  tS 
0.012 
0.038 

O.Q43 
0.014 
0.005 


0-073 

0.007 
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Mineral 


IndkM  of  Eefaictkin 


TtSnstmst 


Orthodase 

Ottrclite 

Pargasite  (common  Hornblende) 

Pectolitc 

Penninite 

Periclase 

Perowskite 

Phillipsitc 

Phlogopite 

Picotite  (see  Spinel) 

Pleonaste  (see  Spinel) 

Prismatine 

Prehnite 

Pyrope 

Quartz 

Riebeckite 

Rinkite 

Rosenbuschite 

Rutile 

Sapphirine 

Scapolite  (see  Wemerite) 

Scolecite 

Serendibite 

Serpentine 

Siderite 

Sillimanite 

Sismondine  (see  Ottrelite) 

Sodalite 

Spessartite 

Spinels  (Red) 

(Blue) 

Spodumene 

Staurolite 

Stilbite 

Talc 

Thomsonite 

Titanite 

Titanolivine 

Topaz    (Fl) 

(OH) 

Tourmaline  (White) 

(Blue) 

(Chrome) 

Tremolite 

Tridymite 

Uvarovite 

Vesuvianite 


519 

? 

613 

? 

576 
731 
741 

38 
? 
? 
562 


669 
616 
741 
750 
553 
687 
665 
? 

903 
706 


? 

? 

? 

? 

634 

658 
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published  in  Rosenbusch-WiQfing,  and  all  that  are  shown  in  the 
diagram.  The  first  column  gives  n  for  isometric,  €  for  imiaxial,  or 
a  for  biaxial  minerals.  The  second  column  gives  o>  for  imiaxial 
or  /S  for  biaxial  minerals,  as  the  case  may  be.  The  third  column 
gives  7  and  the  fourth  gives  the  maximum  birefringence.  When  an 
index  is  lacking  the  fact  is  indicated  by  a  question  mark. 

The  diagram  illustrates  very  forcibly  the  need  for  some  simple 
microscopic  means  of  measiuing  the  indices  of  minerals  in  thin  sec- 
tions. Various  means  are  available  at  present  for  finding  the  index 
of  mineral  faces  one  or  two  millimeters  in  diameter,  but  no  success- 
ful apparatus  which  will  serve  to  use  as  an  attachment  to  an  ordinary 
petrographic  microscope  has  been  devised.  The  writer  has  had  to 
give  up  any  idea  of  working  on  such  a  help  for  students,  as  his  inter- 
ests are  directed  into  other  branches  of  the  science,  but  it  is  hoped 
that  this  will  fall  into  the  hands  of  someone  who  will  be  interested 
enough  to  solve  the  problem. 


fflGHLY    FOLDED    BETWEEN   NON-FOLDED    STRATA 
AT  TRENTON  FALLS,  N.  Y. 


W.  J.  MILLER 
Hamilton  College,  Clinton,  N.  Y. 


While  engaged  in  field-work  for  the  New  York  Geological  Survey 
during  the  summer  of  1907,  excellent  examples  of  highly  folded 
between  non-folded  strata  were  observed  at  Trenton  Falls,  north  of 
Utica,  New  York.^  The  phenomenon  occurs  in  the  classic  Trenton 
limestone  at  its  type  locality.  Vanuxem*  and  T.  G.  White*  are  the 
only  (mes  who  have  described  and  attempted  to  explain  the  phenome- 
non at  Trenton  Falls. 

Layers  of  highly  folded  and  broken  limestone  included  between 
perfectly  straight  and  undisturbed  limestone  layers  are  well  exhibited 
along  the  sides  of  the  gorge  at  Trenton  Falls.  The  impure  limestone 
layers  of  both  the  folded  and  the  non-folded  portions  average  only  a 
few  inches  in  thickness  and  are  separated  by  thin  shale  bands.  The 
folded  beds  lie  at  two  distinct  horizons  within  the  limestone  formation 
which  here  shows  a  thickness  of  270  feet.  Prosser  and  Cunmiings^ 
have  made  careful  measurements  of  the  thickness  of  the  Trenton 
limestone  at  this  locality.  According  to  them  the  base  of  the  lower 
folded  zone  lies  144  feet  below  the  top  of  the  Trenton.  This  con- 
torted zone  is  about  four  or  five  feet  thick  and  is  visible  only  opposite 
the  top  of  the  lower  part  of  High  Fall  and  in  the  upper  end  of  the 
gorge  near  Prospect  village  where  the  strata  are  highly  inclined.  It  is 
well  shown  in  Ffg.  A,  PL  III  of  White's  article.  Prosser  and  Cum- 
mings  do  not  definitely  refer  to  the  upper  folded  zone  in  their  paper, 

«  Published  by  permission  of  Dr.  J.  M.  Clarke,  State  Geologist  of  New  York. 
»  Natural  History  of  New  York — Geology  oj  the  Third  District,  p.  53. 

3  "  The  Faunas  of  the  Upper  Ordovidan  Strata  at  Trenton  Falls,  Oneida  Co., 
N.  Y.,"  Transactions  of  the  N.  Y.  Academy  of  Sciences^  Vol.  XV,  pp.  71-96. 

4  Prosser  and  Cununings,  Sections  and  Thickness  of  the  Lower  Silurian  Forma- 
tions on  West  Canada  Creek  and  in  the  Mohawk  V alley,  15th  Annual  Report  of  the  N.  Y. 
State  Geologist,  pp.  615-27. 
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but  its  base  occurs  well  down  in  their  zone  A*  or  about  sixty-five  to 
seventy  feet  below  the  top  of  the  Trenton  limestone.  This  con- 
torted zone  is  about  eight  or  ten  feet  thick  and  is  well  shown  along  the 
.path  opposite  High  Fall.  From  this  point  it  may  be  traced  along  the 
sides  of  the  gorge  for  nearly  two  miles  to  near  the  village  of  Prospect. 
Within  the  folded  zones  the  layers  are,  in  rare  instances,  scarcely 
distiurbed;  sometimes  they  are  only  gently  folded;  most  conmionly 
they  are  highly  twisted  or  contorted;  while  occasionally  some  of  the 
layers  are  broken  and  pushed  or  faulted  over  others. 
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Fio.  X. — Sketch  showing  highly  folded  and  broken  limtetone  layers  between 
undisturbed  beds  as  seen  along  the  foot-path  opposite  the  top  of  High  Fall,  Trenton 
FaUs,  N.  Y.    Scale:  one  inch -six  feet. 


In  those  places  where  the  folding  has  not  been  carried  to  an  extreme, 
numerous  observations  show  the  axes  of  the  folds  to  run  generally 
from  N.  50°  E.  to  N.  65®  E.  The  strike  of  these  minor  folds  cor- 
responds closely  to  the  strike  of  a  fault  which  the  writer  has  found  to 
extend  from  Prospect  village  past  the  village  of  Trenton.  Also  the 
whole  Trenton  limestone  formation  has,  in  this  vicinity,  been  thrown 
into  a  niunber  of  very  low  folds  which  show  about  the  same  strike 
as  above  given. 

It  should  be  noted  that  these  highly  folded  layers  occur  only  in  a 
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very  local  district.  Numerous  observations  are  not  possible  because 
of  the  heavy  drift  covered  areas,  but,  as  far  as  can  be  ascertained, 
these  highly  folded  layers  are  visible  only  in  the  Trenton  Falls  gorge 
and  in  the  bed  of  Cincinnati  creek,  one  and  one-half  miles  southwest 
of  Prospect.  Along  Mill  creek,  near  Gravesville,  several  miles  to  the 
southeast,  most  of  the  Trenton  section  is  exposed  but  the  folded  layers 
have  not  been  foimd  there. 

Similar  phenomena  of  highly  folded  between  non-folded  strata  have 
been  observed  in  the  stratified  day  banks  of  Pleistocene  age  along 
Black  River  to  the  north  of  Trenton  Falls  and  also  in  the  banks  aloAg 
the  canal  feeder  west  of  Forestport.  The  latter  occiurence  has  been 
described  and  figured  by  Vanuxem.' 

CAUSE    OF    THE    FOLDING* 

Vanuxem^  states  that  the  folded  layers  are  more  thoroughly 
crystalline  than  the  undisturbed  layers  above  and  below  and  that  as 
the  material  of  the  disturbed  layers  was  being  crystallized  it  caused 
an  expansion  which  manifested  itself  laterally  by  throwing  the  layers 
into  folds.  However,  a  careful  examination  of  the  layers  in  the  folded 
zone  and  those  above  and  below  fails  to  show  any  real  difference  in 
degree  of  crystallization.  Even  if  such  a  difference  in  degree  of 
crystallization  were  present,  it  is  difficult  to  see  how  simple  crystal- 
lization of  the  mass  could  bring  about  such  a  considerable  lateral 
expansion. 

T.  G.  White-*  cites  Professor  W.  O.  Crosby  as  suggesting  that  the 
folds  may  have  been  caused  by  the  great  weight  of  overl)dng  strata. 
According  to  this  view  it  is  extremely  difficult  to  explain  the  sharp  and 
even  overturned  folds  and  the  minor  thrust  faults  which  imply  a 
distinct  shortening  of  the  layers  within  the  folded  zones. 

In  many  places  the  structure  of  the  upper  folded  zone  gready 
simulates  cross-bedding  and  the  writer  was  at  first  of  the  opinion 
that  it,  in  reality,  did  show  cross-bedding.  The  close  association,  in 
the  same  zone,  of  truly  folded  and  broken  strata  soon  caused  this  idea 

I  Op.  cU.y  pp.  214, 215. 

a  The  writer  here  wishes  to  express  his  thanks  to  Dr.  C.  K.  Swartz  of  the  Johns 
Hopkins  University  for  suggestions  regarding  the  cause  of  the  folding. 

3  Loc.  cit.,  p.  90. 

4  Op.  cit.,  pp.  8S-90. 
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to  be  cast  aside.  White'  gives  photographs  showing  supposed  over- 
lap structure  and  channel  filling.  These  structures  appear  to  be 
merely  parts  of  the  disturbed  zones,  described  in  this  paper^  where  the 
beds  have  been  broken  or  only  gently  folded. 

It  has  occurred  to  the  writer  that  the  phenomenon  might  have  been 
due  to  a  lateral  compression  within  the  region,  which  caused  most  of 
the  limestone  beds  to  become  denser  without  being  greatly  folded, 
while  certain  other  layers  yielded  to  the  compressive  force  by  folding. 
Such  an  explanation  would  imply  a  difiFerence  in  texture  between  the 
folded  and  non-folded  strata,  but  such  a  difference  is  not  noticeable. 
Also  it  would  seem  to  assume  that  the  folded  zone  was  more  rigid 
while  the  evidence  appears  to  indicate,  if  anything,  that  it  was  less 
rigid. 

It  is  thought  that  the  folded  structure  at  Trenton  Falls  was  in 
reality  caused  by  a  differential  movement  within  the  mass  of  the 
Trenton  limestone.  That  the  whole  body  of  the  limestone  has  been 
moved  is  clearly  demonstrated  by  the  existence  of  a  thrust  fault,  of 
considerable  throw,  passing  Prospect  village.  The  displacement 
was  sufficient  to  cause  beds  of  the  middle  Trenton  to  slide  over  beds 
of  the  upper  Trenton.  Near  the  fault-plane  the  beds  on  the  upthrow 
side  are  bent  upward  at  angles  of  from  thirty  to  forty  degrees.  The 
following  figure,  shows  the  relation  of  the  fault  to  the  folded  zones. 


Fig.  2, — SecdoQ  showing  the  poeitioii  of  the  two  folded  zones  in  the  Trenton 
limestone  and  their  relation  to  the  thrust  fault  at  Prospect,  near  Trenton  Falls,  N.  Y. 

It  is  easy  to  see  how  when  the  force  of  compression  was  brought  to 
bear  in  the  region  there  would  be  a  tendency  for  the  upper  Trenton 
beds  on  the  upthrow  side  to  move  more  easily  and  consequently 
faster  than  the  lower  Trenton  beds.    For  instance  the  portion  A  in 

«  Op.  cil,,  PI.  ra.  Fig.  B,  and  PL  IV,  Fig.  B. 
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Fig.  2  being  separated  from  C  by  an  intermediate  mass  B  of  slightly 
less  rigidity  would  slide  over  C  and  cause  the  portion  B  to  become 
ruffled  or  folded.  Occasionally  parts  of  zone  B  would  become 
fractured  or  faulted.  The  portion  B  would  need  to  be  only  slightly 
less  rigid  than  the  adjacent  portions.  The  somewhat  thinner  lime- 
stone layers  separated  by  thicker  shale  partings  would  be  sufficient  to 
cause  the  part  B  to  be  thus  less  rigid.  A  similar  explanation  would 
also  apply  to  the  lower  folded  zone.  The  folded  zones  thus  merely 
indicate  horizons  of  weakness  along  which  the  differential  movement 
has  taken  place. 

As  thus  explained  it  is  evident  why  the  strike  of  the  minor  folds, 
the  strike  of  the  fault,  and  the  strike  of  the  large  low  folds  of  the  region 
should  all  be  parallel,  since  all  these  phenomena  were  produced  by  the 
same  pressure.  Also  the  local  character  of  the  phenomena  under 
discussion  is  readily  explained,  since  the  conditions  for  their  formation 
exist  only  in  the  vicinity  of  the  fault. 

Where  phenomena  of  this  kind  occur  even  in  regions  of  low  folds, 
but  without  faults,  it  is  thought  that  the  above  explanation  ^will  suffice, 
because  during  the  process  of  folding  there  would  be  more  or  less  of  a 
tendency  for  certain  strata  to  slide  over  others.  Where  the  conditions 
of  relative  rigidity,  etc.,  were  favorable,  certain  strata  just  beneath 
the  sliding  masses  might  become  ruffled  or  folded. 

The  locally  folded  clay  layers  between  non-folded  layers  along 
Black  River,  above  mentioned,  are  to  be  explained  in  a  somewhat 
similar  manner.  Vanuxem  says:  "The  layers  show  a  series  of  con- 
tortions of  different  kinds,  for  which  no  cause  can  reasonably  be 
assigned  but  different  degress  of  lateral  pressure. "  Since  there  is  no 
noticeable  difference  between  the  characters  of  the  disturbed  and  the 
undisturbed  beds  and  since  the  intensity  of  the  folding  is  often  so 
great,  Vanuxem's  explanation  is  not  %i  all  satisfactory.  The  required 
differences  in  degree  of  lateral  pressure  are  altogether  too  great.  The 
writer  believes  that,  in  principle,  the  explanation  given  for  the  Trenton 
Falls  occurrences  applies  here  also,  although  in  the  case  of  the  clay 
beds  the  movement  of  the  upper  over  the  lower  masses  may  have 
been  caused  by  ice  action  or  by  having  been  pulled  down  the  hill- 
sides by  gravity.    Or  as  SaUsbury  and  Atwood'  have  suggested  for  such 

X  Jour.  Geol.f  Vol.  V,  1897,  p.  143. 
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a  phenomenon  in  Pleistocene  clay,  the  cause  may  have  been  lake  ice 
or  "  the  groimding  of  an  iceberg  on  the  surface  before  the  overlying 
layers  were  deposited"  In  any  case  the  cause  of  the  movement  in 
these  superficial  clays  appears  to  be  di£Ferent  from  that  of  the  ancient 
Trenton  limestone. 


GEOTECTONICS  OF  THE  ESTANCIA  PLAINS 


CHARLES  R.  KEYES 


Prefatory. — ^The  Estanda  Plains  Ke  in  central  New  Mexico. 
They  form  the  extreme  northern  portion  of  the  vast  Mexican  table- 
land. In  length  they  extend  a  distance  of  150  miles;  in  width  about 
30  miles. 

Previous  to  the  year  1900  the  Estanda  Plains  were  regarded  as 
the  highest  and  driest  bolson  east  of  the  continental  divide.  For  this 
reason,  if  for  no  other,  the  underground-water  possibilities  of  this 
region  offered  a  theme  for  consideration  that  was  of  great  interest. 
Large  industrial  interests  made  possible  the  investigations  necessary 
to  decipher  the  geological  structure.  Three  new  lines  of  railway 
were  under  construction  across  these  plains  and  good  water-supplies 
became  a  matter  of  prime  import. 

General  features. — Geographically  the  flstanda  Plains  are  located 
at  the  juncture  of  the  four  greatest  physiographic  provinces  of  our 
continent:  The  Great  Plains,  the  Rocky  Mountains,  the  Mexican 
tableland,  and  the  Colorado  plateau.  There  are  within  the  borders 
of  the  Estancia  area  three  very  distinct  types  of  orogenic  structiu^s. 
These  are  superimposed  upon  a  general  and  very  remarkable  epeiro- 
genic  uprase. 

At  the  north  and  east  is  the  Rocky  Mountain  type,  illustrating 
tremendous  compressive  action.  Over  the  west  and  south  the  basin- 
range  type  of  structure  is  finely  shown  in  the  immense  tilted  block 
mountains.  In  the  west-central  portion  is  the  laccolithic  type,  repre- 
sented by  four  distinct  dome-shaped  masses  which  have  spread  apart 
Cretacic  strata. 

In  the  main,  the  geologic  structure  of  the  Estanda  Plains  is  that 
of  a  broad  trough,  but  there  are  many  interruptions  and  local  defor- 
mations (Fig.  i).  As  compared  with  the  structiure  of  the  Jornada 
del  Muerto'  farther  south  there  is  not  nearly  the  regularity  (compare 

X  Waier  Supply  Paper  No,  123,  U.  S.  Geological  Survey,  1904. 
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with  Fig.  2).  As  in  the  case  of  the  latter  plain  the  general  aspect  is 
that  of  a  wide  shallow  valley  which  has  a  tendency  to  impart  some- 
thing of  a  synclinal  character  to  the  substructure.  This  apparent 
general  relief  feature,  however,  bears  no  relationship  to  the  arrange- 


Fig.  X. — General  structure  of  Estanda  Plains. 

ment  of  the  formations  beneath.  The  surface  of  the  plains  is  not  a 
stratum-plane,  as  is  naturally  at  first  inferred,  but  a  plane  worn  out 
in  part  at  least  on  the  beveled  edges  of  the  strata  below,  which  lie 
at  many  different  angles  and  dip  in  many  different  directions. 

This  general  structure  of  the  plains  appears  to  have  been  the 
characteristic  feature  of  the  region  before  their  continuity  was  inter- 
rupted by  the  faulting  which  gave  rise  to  the  block  mountains,  and  by 
the  laccolithic  intrusions. 

In  most  of  the  parallel  bolsons  and  valleys  which  are  found  in 
the  high  tableland  region  of  New  Mexico  the  bounding  mountain 
blocks  are  so  tilted  that  across  some  plains  great  fault-scarps  face 
each  other,  as  in  the  case  of  the  Jarilla  bolson  immediately  south  of 
the  Estanda  district.    Here  the  abrupt  fault-scarp  of  the  Sierra  San 
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Fio.  2. — ^Structure  of  the  basin  ranges  in  central  New  Mexico. 

Andreas,  rising  over  3,000  feet  above  the  level  of  the  plains,  faces  the 
equally  abrupt  scarp  of  the  Sacramento  Range  to  the  east  which  rises 
even  higher.  In  other  instances,  as  in  the  Jornada  to  the  southwest 
of  the  Estanda  Plains,  the  main  portion  of  the  bolson  is  flanked  on 
dther  side  by  the  gentle  backslopes  of  the  monoclinal  blocks.  The 
fundamental  plan  of  geologic  structure  is  best  indicated  by  diagram 
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(Fig.  2).  A  similar  arrangement  represent- 
ing the  structure  of  the  Elstancia  Plains  is 
shown  in  Fig.  i. 

The  important  factor  to  be  taken  into 
account  in  this  region  is  the  fact  that  the 
local  geologic  structure  is  not  nearly  so 
simple  as  it  may  at  first  glance  appear. 
Everywhere  there  is  greater  or  less  com- 
plication. The  great  backslopes  of  the 
tilted  mountain  blocks,  instead  of  being 
continuous  stratmn-planes,  are  foimd  to  be 
faulted  at  frequent  intervals;  and  the  dips 
of  the  rocks  change  within  very  short 
distances. 

Rocky  MaufUain  type  of  structure. — ^The 
compressive  type  of  mountain  structure  finds 
expression  in  the  Estanda  Plains  region  only 
in  the  extreme  northeastern  part,  where  the 
Rocky  Mountains  end  by  plunging  down- 
ward beneath  the  plains  surface.  Only  a 
single  southward-pitching  arch  is  represented 
within  the  limits  of  the  district  under  con- 
sideration. Farther  to  the  eastward  the 
details  of  structure  are  more  complete. 
The  cross-section  to  the  plains  of  Las  Vegas 
beyond  is  well  worth  much  more  considera- 
tion than  can  be  given  it  here  (Fig.  3). 

There  is  abundant  evidence  of  marked 
compressive  action  within  the  plains  area 
here  described,  the  geologic  date  of  which  is 
probably  somewhat  earlier  than  that  which 
the  southern  nose  of  the  Rockies  represents. 
This  period  of  compression  was  Early 
Cretacic.  While  the  evidences  are  very  clear 
within  the  limits  of  the  Estanda  region  there 
are  more  abundant  exemplifications  a  short 
distance    outside    of   this    area.     On    the 
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Chupadera  Mesa  just  south  of  Estancia  there  is  an  unusually 
good  exposure  bearing  directly  upon  this  fact  (Fig.  5).  In  some 
other  examples  the  geologic  dates  of  the  compressure  are  not 
so  clearly  set  off.  In  the  Sierra  de  los  Caballos  where  a  thrust-plane  is 
shown  to  advantage  (Fig.  4),  the  movement  may  have  been  very  recent. 

Basin-range  type  of  mountain  structure. — In  marked  contradis- 
tinction to  the  type  just  described  the  basin  ranges  are  the  result  of 
faulting  on  an  enormous  scale.  The  mountain  blocks,  rising  3,000 
to  s,ooo  feet  above  the  general  level  of  the  high  plains  which  itself 
is  6,000  feet  above  the  sea,  appear  tilted  as  ice  cakes  in  a  stream. 

There  are  several  instructive  features  relating  to  the  structure  of 
the  Desert  ranges  that  are  shown  better  in  and  about  the  region  under 
consideration  than  anywhere  else  in  the  Southwest.  Recently  a  new 
interest  has  been  awakened  in  the  tectonics  of  the  Great  Basin  by 
the  publication  of  a  number  of  more  or  less  suggestive  articles.  The 
main  structural  features  about  which  discussion  centers  appear  to 
be  whether  the  basin  ranges  are  the  result  of  normal  faulting  and 
form  "block  mountains;"  or  whether  the  "block"  aspect  is  only 
apparent,  the  monoclinal  "blocks"  originally  being,  in  reality, 
sharp  asynunetric  folds  in  which  subsequent  erosion  has  worn  off  the 
steeper  limb  faster  than  the  other. 

In  the  elucidation  of  the  arguments  by  specific  example,  it  is 
unfortunate  that  many  of  the  illustrations  selected  have  not  been 
chosen  with  greater  discernment.  It  is  now  well  understood  that 
some  of  the  instances  noted  furnish  the  most  conclusive  proofs  directly 
contrary  to  the  piUTX)ses  for  which  they  were  cited.  Without  entering 
into  details  in  regard  to  many  of  these  cited  examples  from  other 
parts  of  the  Great  Basin  region  it  seems  pertinent  at  this  time  to  call 
attention  briefly  to  certain  features  displayed  in  the  New  Mexican 
part  of  the  field.  These  may  help  to  explain  similar  phenomena  in 
other  districts. 

As  has  recently  been  noted,  the  geologic  sequence  in  central  New 
Mexico  is  especially  noteworthy  on  account  of  the  almost  complete 
absence  of  the  Paleozoic  rocks  and  the  enormous  development  of 
Mesozoic  strata.  The  important  member  of  the  sequence  above 
the  Azoic  metamorphics  is  the  Mid  Carbonic  limestone  which  attains 
a  normal  thickness  of  over  2,000  feet. 
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No  evidence  has  yet  been  found  that  would  indicate  that  any  of 
the  present  mountain  blocks  were  produced  by  folding.  All  observa- 
tions go  to  show  on  the  other  hand  that  only  faulting  is  involved 
To  be  sure  the  sedimentaries  of  some  of  these  mountains  are  often 
folded  and  closely  corrugated.  Thrust-planes  are  plainly  visible. 
Nmnerous  other  indications  point  to  tremendous  compression  at 
some  time  or  other.  But  the  period  of  this  compresaon  has  been 
found  to  be  mainly  a  very  different  one  from  that  during  which  the 
present  mountains  were  formed.  The  compressive  action  was  ejrcrted 
long  before  the  existing  mountain  blocks  began  to  rear  their  heads 
above  the  vast  plains.    Chronologically  this  period  of  compressive 
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Fig.  4. — Old  and  modern  faulting  in  Caballos  Mountains. 

conditions  was  manifestly  subsequent  to  the  Carbonic  period  because 
the  rocks  of  this  age  are  involved;  but  it  was  before  the  Late  Cretacic 
period,  since  Cretacic  strata  are  as  clearly  not  affected. 

Certain  thrust-planes  displayed  in  the  Sierra  de  los  Caballos,  to  the 
south  of  the  Estancia  region,  the  geologic  sections  of  which  have  a 
bearing  upon  this  point  are  particularly  instructive  while  the  pro- 
duction of  others  is  thought  to  be  somewhat  later.  Near  the 
highest  point  of  the  range,  known  as  Timber  Peak,  the  fault- 
scarp  is  over  3,000  feet  high  and  displays  an  excellent  exposure  of 
the  rocks  throughout  this  entire  vertical  distance.  The  transverse 
section  of  the  mountain  ridge,  as  shown  a  short  distance  to  the  north, 
is  represented  in  diagram  (Fig.  4).  The  heavy  line,  T-P,  indicates 
the  position  of  an  exceedingly  well-displayed  thrust-plane.     Along 
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it  the  beds  are  very  much  contorted.  The  mclination  of  this  thrust- 
plane  is  now  rather  steep,  but  this  is  due  partly  to  the  fact  that  the 
present  position  of  this  structure  is  not  the  original  one.  Since  the 
time  of  its  formation  the  thrust-plane  also  has  been  tilted  to  a  marked 
degree.  In  point  of  time  the  formation  of  the  thrust-plane  long  ante- 
dates the  uprising  of  the  present  mountain  block. 

There  are  in  the  Sierra  de  los  Caballos  at  least  three  distinct  periods 
of  faulting.  The  first  was  before  the  formation  of  the  present  moun- 
tain ridge;  the  second  was  coeval  with  its  formation;  and  the  third 
was  long  subsequent  to  its  uprising. 
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Fig.  5. — Uncoofonnity  of  Cretaceoiis  on  Carboniferous,  near  Dios  Springs. 

Were  it  not  for  the  exceptionally  clear  evidence  to  the  contrary, 
casual  examination  could  very  easily  lead  to  the  conclusion  that  the 
Caballos  mountain  range  had  been  produced  by  sharp  folding,  and 
that  the  crest  of  the  as3anmetric  fold  had  been  removed  through  ero- 
sion. The  deduction  is  a  natiural  one  especially  when  in  a  view  from 
the  simimit  of  the  range  there  are  plainly  shown  the  strata  dipping 
eastward  to  form  a  broad  syncline,  and  coming  up  again  with  westerly 
dips  in  the  great  San  Andreas  block,  30  miles  away. 

It  so  happens  that  in  the  region  under  consideration  the  general 
sequence  of  geologic  events  is  sufficiently  well  known  to  us  to  give 
a  good  insight  into  some  of  the  actual  conditions  that  have  existed.' 

s  American  Journal  of  Science  (4),  Vol.  XYIII,  pp.  s^jf^  1904. 
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A  number  of  observations  lately  made  emphasizes  the  great  impor- 
tance of  the  unconformity  at  the  base  of  the  Cretadc  strata  of  the 
region.  For  example,  in  the  Chupadera  Mesa  in  eastern  Socorro 
County,  there  are  found  Carbonic  limestones  highly  inclined  on 
either  side  of  huge  trach)rte  dikes,  over  the  whole  of  which  recline 
nearly  horizontally  the  Cretacic  sandstones  (Fig.  5).  This  siirface 
of  unconformity  represents  extensive  land  erosion.  During  the  inter- 
val for  which  it  stands  the  strata  of  the  region  were  folded  and  planed 
off  long  before  the  later  Cretacic  sediments  were  laid  down. 

In  nearly  all  of  the  basin  ranges  there  are  abundant  evidences  of 
marked  compression  producing  the  phenomena  of  folding.  Yet  in 
every  instance  personally  observed  the  period  of  these  movements 
is  manifestly  long  prior  to  the  elevation  of  the  present  mountains. 
The  ancient  tectonics  of  the  basin  ranges  is  a  theme  of  very  great 
interest. 

There  is  another  very  deceptive  featm^  connected  with  the  for- 
mation of  the  blocklike  mountains  of  some  portions  of  the  Mexican 
tableland.  At  the  foot  of  the  steeper  slope  the  strata  are  often 
found  to  be  tilted  at  a  high  angle  and  inclined  away  from  the  range. 
This  attitude  of  the  beds  readily  suggests  at  first  the  possibility  of  the 
mountain  ridge's  being  a  sharp  anticline  with  the  center  completely 
removed  through  erosion,  leaving  the  limbs  of  the  arch  unequally 
exposed.  This  condition  might  be  easily  fancied  because  of  the  fact 
that  the  greater  part  of  the  height  of  the  mountains,  3,000  to  5,000 
feet,  is  usually  composed  of  massive  crystallines  and  schists,  while 
the  crest  and  the  backslope  are  of  limestone. 

There  are  many  good  reasons  for  believing  that  such  phenomena 
as  these  instead  of  being  ascribablc  to  folding  of  the  asymmetrical  type 
are  to  be  considered  merely  as  an  accompaniment  of  normal  faulting. 
The  displacement,  however,  is  on  a  gigantic  scale  and  under  condi- 
tions not  usually  met  with.  WTien  the  hade  is  not  vertical,  or  nearly 
so,  the  strata  on  the  down-throw  side  to  a  greater  or  less  degree  lag, 
until  a  considerable  zone  is  produced  in  which  the  beds  become  highly 
inclined  and  in  many  cases  stand  even  nearly  perpendicular.  A 
typical  instance  is  the  Sandia  Range,  cast  of  Albuquerque,  as  repre- 
sented below  (Fig.  6). 

There  are  strong  theoretical  grounds  for  thinking  that  faulting 
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instead  of  folding  is  to  be  invoked  to  explain  the  structure  of 
th^  so-called  block  mountains  of  the  Great  Basin  region.  The 
principle  was  clearly  set  forth  by  Le  Conte'  as  long  ago  as  1889, 
when  discussing  the  district  between  the  Sierra  Nevada  and  the 
Wasatch  Mountains.  As  considered  in  his  textbook'  the  same 
author  has  regarded  the  area  in  question  as  a  region  which  was  sub- 
jected .  to  slow  and  general  uprising  but  continually  adjusted  itself 
through  normal  faulting  in  great  blocks.  By  the  tilting  of  these 
blocks  mountain  ranges  were  produced  on  the  elevated  edge  while 
on  the  depressed  side  were  formed  valleys  which  were  subsequently 
filled  with  sediments.    Lauterback^  is  inclined  to  modify  this  view 


^--i?--v>. .. 


FiQ.  6. — Fault-scarp  of  the  Sandia  Mountains. 


FiQ.  6. — Fault-scarp  of  the  Sandia  Mountains. 

somewhat  by  regarding  the  mountain  block  and  the  valley  block  as 
distinct. 

The  present  reUef  featiu^es  of  the  region  are,  however,  mainly  the 
product  of  general  desert  leveling,  that  is  the  result  of  eolian  erosian 
under  conditions  of  an  arid  climate,  and  the  mountains  are  to  be 
looked  upon  as  remnantal  ranges  which  are  essentially  monadnocks. 

LaccaUthic  type  of  mountain  structure. — In  the  northwestern  part 
of  the  Estancia  Plains  there  rise  four  isolated  groups  of  lofty  peaks. 
The  several  groups  are  five  to  six  miles  from  one  another  and  lie  in  a 
straight  line  trending  nearly  in  a  northeast  and  southwest  direction. 
The  southernmost  group  is  known  as  the  San  Ysidro,  or  South 

«  American  Journal  of  Science  (3),  VoL  XXXVIII,  p.  259,  1889. 

•  Elements  of  Geology,  5th  ed.,  p.  242,  1904. 

9  BuOeiin  of  the  Geological  Society  oj  America^  Vol.  XV,  p.  343,  1904. 
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Mountains;  then  comes  the  Tuertos  group;  next,  the  Ortiz,  Placer, 
or  Gold  mountains;  and  then,  at  the  north,  the  Cerillos  Hills. 

At  the  present  time  each  of  these  mountain  groups  is  a  huge, 
many-peaked  boss  of  augitic  and  homblendic  andesite.  Each  also 
rises  out  of  the  Cretacic  sandstones  which  are  upturned  all  around 
In  some  places  great  intrusive  sheets  extend  out  from  the  central  mass 
to  a  distance  of  a  dozen  miles  or  more;  and  immense  dikes  radiate 
often  to  twice  the  distance  named. 

All  evidence  goes  to  show  that  each  of  the  moimtain  groups  is  a 
laccolith.  The  molten  material,  forced  upward  from  beneath, 
instead  of  reaching  sky  floated  the  overlying  strata,  forming  enormous 


Fig.  7. — Structure  of  the  Ortiz  laccolith. 

domes,  the  tops  of  which  were  subsequently  removed  through  erosion. 
A  cross-section  of  the  Ortiz  group  indicates  the  structiu^e  as  repre- 
sented in  Fig.  7. 

The  Ortiz  group  displays  to  best  advantage  the  various  phenomena 
of  laccolithic  nature.  The  Carbonic  limestones  have  been  com- 
pletely changed  by  heat  into  garnet  rock,  as  is  well  shown  at  the  Lucas 
mine  on  the  south  side  of  the  great  dome.  Many  dikes  and  several 
sills  have  the  Ortiz  mass  as  a  center.  The  largest  sill  extends  south- 
eastward to  the  Cerro  Pelon,  a  distance  of  about  twelve  miles.  This 
sill  is  more  than  200  feet  thick.  The  great  intrusive  sheet  is  of  special 
interest  in  the  present  connection  for  reason  of  its  penetrating  the 
Cretacic  coal  measures.  There  are  several  important  coal  seams 
in  close  proximity  to  the  intrusive  sheet.    Where  the  sill  has  come 
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directly  into  contact  with  the  coal  seam  the  latter  has  been  entirely 
destroyed.  When  separated  by  a  few  feet  of  shale  a  fine  grade  of 
anthracite  is  produced.  This  variety  of  coal  is  extensively  mined  at 
the  town  of  Madrid  and  elsewhere  in  the  vicinity.  Seams  still  farther 
removed  from  the  sill  are  bituminous  in  character;  while  at  a  distance 
Df  loo  to  200  feet  the  coal  seams  are  lignitic. 

The  relations  of  the  sill  to  the  coal  seams  suggest  that  the  intrusive 
sheet  itself  may  have  followed  along  a  large  coal  seam,  perhaps  the 
most  extensive  of  all,  as  a  horizon  along  which  it  was  able  to  move 


Fig.  8. — Plan  of  large  dike  cutting  coal-field  near  Cerro  Pelon. 

most  easily.  Similar  phenomena  have  been  observed  in  the  Scottish 
:oal  fields  and  in  the  coal  fields  of  Germany  and  Hungary. 

The  dikes  originating  from  the  Ortiz  mass  often  extend  a  score  of 
miles  across  the  plains  as  huge  walls  rising  100  to  200  feet  above 
level  surface.  Some  of  these  dikes  show  the  amoimt  of  lateral  dis- 
placement of  the  faults.  One  dike  in  particular  has  suffered  move- 
nient  in  a  remarkable  way,  as  shown  in  the  groundplan  (Fig.  8).  The 
squares  in  the  cut  are  one  mile  in  each  direction. 

Relations  of  the  strtu:lure  to  the  plains  surface. — The  even  surface 
rf  the  Estancia  plains,  vast  as  it  is,  is  not,  according  to  the  strict  physio- 
^aphic  usage  of  the  term,  that  of  a  structural,  or  stratum-plane, 
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valley.  WhUe  in  general  the  rocks  are  only  gently  deformed  they  are 
locally  sharply  folded,  highly  inclined,  or  even  standing  on  edge.  As 
has  been  recently  shown'  bolson  plains,  of  which  the  Estancia  Plains 
are  a  type,  have  not  the  simple  substructure  that  is  commonly  ascribed 
to  them.  They  do  not  appear  to  be  necessarily  any  newer  or  later 
than  the  plateau  plains  which  overlook  them.  Their  constructional 
detrital  covering  is  no  more  important  than  that  of  the  plateau  plains. 
The  wash-deposits  brought  down  from  the  mountainous  periphery  are 
relatively  of  small  importance. 

On  the  other  hand,  it  has  been  clearly  demonstrated  in  a  number 
of  cases  that  the  bedrock  surface  of  the  bolson  plains,  or  that  plane 
beneath  the  detrital  covering,  is  a  planation-siurface  worn  out  on  the 


Fig.  9. — Alternation   of  Cretaceous  shales  and  sandstones  at   Hagen,  thickness 
about  4,000  feet. 

beveled  edges  of  the  indurated  sedimentaries.  This  feature  is  par- 
ticularly well  displayed  in  the  plains  between  the  Ortiz  and  Sandia 
mountains.  At  the  Una  de  Gate,  near  Hagan,  the  structure  is  as 
represented  below  (Fig.  9).  The  dotted  line  represents  the  plains 
surface;  it  extends  to  the  right  a  distance  of  20  miles. 

The  character  of  this  beveling  of  highly  inclined  beds,  in  this  case 
Cretacic  sandstones,  is  admirably  shown  in  the  accompanjing  view 
near  Los  Cerrillos,  from  a  photograph  taken  by  Dr.  D.  W.  Johnson. 
The  horizontal  beds  at  the  top  and  above  the  old  planed  surface  are 
composed  of  volcanic  breccias,  which  in  turn  are  overlain  by  late 
mesa  clays  and  sands.     (See  Fig.  12.) 

Clmraderistic  rock-masses, — There  are  represented  in  the  Estancia 
region  five  principal  kinds  of  rock-masses.     In  the  great  fault-scarp 

«  American  Journal  of  Science  (4),  Vol.  XV,  p.  207,  1903. 
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on  the  west  face  of  the  Sandia  Mountains  there  are  shown  about 
4,000  feet  of  schists,  highly  metamorphosed  elastics,  and  old  intruded 
granites.     These  are  without  much  doubt  Azoic  in  age. 

Following  the  fundamental  complex  are  blue  limestones  of  great 
thickness.  They  are  Mid-Carbonic  in  age.  Above  the  limestones 
is  normally  a  remarkable  succession  of  red-beds  consisting  of  shales 
and  shaly  sandstones  which  are  doubtless,  in  great  part  at  least,  also 
of  Mid-Carbonic  age. 

Then  comes  a  prodigious  mass  of  yellow  sandstones  and  shales 
belonging  to  the  Mid-  and  Late  Cretacic  Ages.  Finally,  are  the  sur- 
face loams,  sands  and  gravels  of  variable  thickness,  of  Tertiary  and 
Quaternary  ages. 

Besides  the  five  general  classes  of  rock-masses  referred  to  there  is 
a  varietv  of  igneous  types. 

Geologic  formaiions  represented. — The  general  lithologic  character, 
thickness,  and  stratigraphic  relationships  of  the  various  geologic 
formations  which  are  represented  within  the  limits  of  the  Estancia 
Plains  area  need  not  be  described  in  detail  at  this  time.  Two  terranal 
features  should,  however,  be  noted:  The  presence,  in  this  region,  of 
a  great  succession  of  "red-beds"  fully  1,000  feet  in  thickness  which 
is  not  the  correlative  homologe  of  the  Kansas  red-beds;  and  the 
remarkable  sandstone  forming  the  base  of  the  Cretacic  section  of  the 
region  and  to  which  the  term  Dakota  sandstone  has  been  long  applied. 

The  red-beds  of  the  Sandia  side  of  the  Estancia  Plains  have  been 
termed  the  Bernalillo  shales'  and  they  represent  the  uppermost  and 
third  member  of  the  Maderan  series.*  The  fact  that  these  "  red-beds  " 
are  neither  of  Permian  nor  of  Jura-Trias  Age  was  first  made  known 
in  1900  by  Herrick^  who  discovered  in  them  a  large  and  characteristic 
faima,  that  clearly  connected  the  section  with  the  so-called  Permo- 
Carboniferous  section  of  central  Kansas.  The  Kansas  red-beds  or 
Cimarronian  series,  and  the  Triassic  red-beds  have  been  shown  to  be 
entirely  absent  in  central  New  Mexico. -♦  The  title  Manzano  for- 
mation which  has  been  used  for  the  beds  in  question  is  inapplicable. 

«  Ores  and  Minerals,  Vol.  XII,  p.  48;  also  Report  oj  the  Governor  of  New  Mexico 
to  Secretary  of  the  Interior,  /or  IQ03,  p.  339,  1903. 
»  This  Journal,  Vol.  XIV,  p.  152,  1906. 

3  This  Journal,  Vol.  VIII,  p.  116,  1900. 

4  American  Journal  of  Science  (4),  Vol.  XX,  p.  423,  1905. 
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To  the  eastward  of  the  Estanda  Plains  there  are  three  important 
"red-beds"  formations,  each  nearly  i,ooo  feet  thick,  and  superposed 
upon  one  another.  They  are  of  widely  diflferent  geologic  ages,  and 
are  separated  by  great  erosional  unconformities.  One  is  of  Mid- 
Carbonic  Age,  another  of  Late  Carbonic  Age,  and  the  third  of  Triassic 
Age.  Besides  these  red-beds  there  have  been  long  recognized  in  the 
region  other  great  red-colored  terranes,  in  the  Cretacic  section,  in  the 
Tertiary  section,  and  in  the  Devonic  section. 

At  the  base  of  the  Cretacic  section  of  this  region  the  Rio  Mora 
sandstone  is  an  important  member.  It  is  the  so-called  Dakota 
formation  of  the  early  geologic  reports  of  the  Southwestern  United 
States. 

Unconformities. — All  of  the  serial  formations  of  New  Mexico,  as 
well  as  many  of  their  minor  members,  are  separated  by  marked  planes 
of  unconformity.  Some  of  these  indicate  only  notable  oscillations  of 
the  old  shorelines;  but  several  of  them  are  manifestly  ancient  erosion 
surfaces.  Of  the  latter  class  may  be  mentioned  the  intervals  repre- 
sented by  the  sedimentation  discordance  between  the  Huronic  crystal- 
lines and  the  Manzanan  series,  between  the  Cimmaronian  and  the 
Maderan,  between  the  former  and  the  Triassic,  between  the  Triassic 
and  the  Cretacic,  and  between  the  last  mentioned  and  the  Cenozoic 
deposits. 

In  the  interval  between  the  top  of  the  fundamental  complex  and 
the  Manzanan  limestones,  there  are  missing  all  of  the  Cambric,  the 
Ordovicic,  the  Siluric,  the  Devonic,  and  the  Early  Carbonic  sequences. 
These  are  all  ver}'  fully  represented  in  the  southern  part  of  New 
Mexico.  The  interval  between  the  Maderan  series  and  the  Cim- 
maronian shales  and  sandstones  is  occupied,  a  hundred  miles  south 
of  the  Estancia  region,  by  about  3,500  feet  of  Umestones  and  sand- 
stones, known  as  the  Guadalupan  series  and  regarded  as  representing 
the  true  Permian  of  Russia.  The  great  sequence  of  "red-beds,"  so 
long  of  uncertain  geologic  age,  has  thus  lately  been  found  to  be  partly 
of  Mid-Carbonic,  partly  of  Late  Carbonic,  and  partly  of  Triassic  Age; 
the  three  parts  being  separated  by  marked  unconformities.  A  marked 
erosion  unconformity  also  separates  the  Triassic  shales  from  the  Mid- 
Cretacic  sandstones  of  the  so-called  Dakotan  series.  The  missing 
terranes,  represented  by  the  Morrison  beds  of  Jurassic  Age  and  the 
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Comanche  beds  of  Early  Cretacic  Age  are  both  well  displayed  farther 
to  the  eastward  near  the  Texas  line. 

General  structural  features. — ^The  broader  tectonic  features  of 
the  region,  as  shown  in  the  geologic  cross-sections,  oflFer  some  sug- 
gestive considerations  regarding  the  forces  which  have  been  at  work 
at  the  southern  extremity  of  the  Rocky  Mountains.  There  are  four 
cross-sections  within  the  limits  of  the  Estancia  Plains  that  are  par- 
ticularly instructive.  They  may  be  called  the  northern  section,  the 
Cerro  Pelon  section,  the  typical  plains  section,  and  the  southern 
section. 

The  northern,  or  Santa  F^,  geologic  cross-section  extends  from 
the  Thomas  Peak  of  the  southern  Rockies  and  a  few  miles  southeast 
of  the  city  of  Santa  F^,  in  a  southwesterly  direction,  to  the  Sandia 
Peak.  The  distance  is  50  miles  (section  A-B  of  Group,  Fig.  10). 
This  section  passes  through  the  laccolithic  dome  of  the  Cerrillos  Hills* 
In  the  main,  the  synclinal  character  is  preserved  between  the  Rocky 
Mountains  and  the  Sandia  Range.  The  blue  Carbonic  limestones 
are  well  displayed  near  both  ends  of  the  section.  In  the  middle,  a 
little  to  the  south  of  the  line  of  section,  the  limestones  are  also  brought 
to  the  surface.  All  of  the  central  part  of  the  trough  is  occupied  by 
Cretacic  formations  which  are  made  up  chiefly  of  sandstones. 

The  Ccrro  Pelon  section  trends  nearly  east  and  west  (section 
C-D) .  The  section  is  marked  by  two  very  pronounced  faults  which 
subdivide  it  into  three  nearly  equal  segments.  The  central  portion 
owes  its  irregularities  largely  to  the  laccolithic  disturbances  of  the 
neighborhood,  the  Ortiz  group  being  on  one  side  and  the  Tuertos 
group  on  the  other.  At  the  west  end  the  section  is  monoclinal  in 
character,  there  being  very  little  if  any  rising  of  strata  before  the  first 
fault  is  reached.  Within  this  segment  a  short  distance  north  of  the 
section  line  several  deep-drill  wells  have  been  put  down. 

The  middle  segment  contains  the  Cerro  Pelon,  a  sharp  shoulder 
which  is  a  feature  of  the  landscape  for  a  distance  of  many  miles  around. 
This  hill  rises  600  feet  above  the  plain  to  the  east.  On  its  eastern 
face  is  a  fault-scarp.  The  prominence  of  the  elevation  is  due  chiefly 
to  the  fact  that  it  is  capped  by  a  plate  of  homblendic  andesite  which 
has  a  thickness  of  over  400  feet.  This  capping-plate  dips  to  the 
westward  and  is  soon  covered  by  the  yellow  sandstones  of  the  Cre- 
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tacic  Age.  The  andesitic  plate  is  in  reality  a  great  sill,  from  the  Ortiz 
laccolith,  12  miles  to  the  westward,  now  bent  into  a  broad  s)mcline. 

Some  distance  beneath  the  andesitic  plate  which  crowns  the  Cerro 
Pelon  dark  clay-shales  are  exposed.  The  valley  plain  to  the  eastward 
is  also  occupied  by  soft  black  shales.  At  a  point  several  hundred 
feet  below  the  foot  of  the  Pelon  hill  a  core  drill  penetrated  these  shales 
to  a  distance  of  800  feet  without  passing  through  them.  They  are 
therefore  over  i,oqo  feet  thick. 

The  dark  shales  dip  to  the  westward — the  valley  plain  being  worn 
out  on  their  beveled  edges.  Six  miles  to  the  east  of  the  Cerro  Pelon 
the  bottom  of  the  shale  formation  reaches  the  surface  and  then  the 
imderl)mig  sandstones  continue  as  the  surface  rocks  to  the  edge  of 
the  Glorietta  escarpment,  forming  the  western  cliff  of  the  Rio  Pecos. 


Fig.  II. — Fault  bisecting  the  Sandia  and  Manzano  ranges:   displacement  about 
i,oc»  feet. 

This  eastern  segment  of  the  section  is  arching  and  is  the  pitching 
anticline  by  which  the  Rocky  Mountains  are  terminated  southward. 

The  Tijeras,  or  t)rpical  plains  cross-section  extends  from  the 
south  end  of  the  Sandia  Range,  at  the  upper  end  of  the  Tijeras  Canyon, 
southeastwardly  for  a  distance  of  50  miles  to  the  Padernal  Hills, 
which  form  the  drainage  divide  between  the  Estancia  Plains  and  the 
Valley  of  the  Pecos  River  (section  E-F  of  Group,  Fig.  10). 

The  most  characteristic  feature  of  this  section  is  the  even  surface 
of  the  plains  worn  out  on  the  beveled  edges  of  the  strata  beneath. 
Only  near  the  Sandia  Range  do  the  strata  display  any  indications  of 
marked  dislocation.  One  of  these  faults  has  enabled  the  Tijeras 
Canyon  to  be  formed  between  the  Sandia  and  Manzano  ranges. 
This  fault  (Fig.  11)  has  a  throw  of  over  1,000  feet.  At  the  hamlets 
of  Tijeras  and  San  Antonio  it  is  well  displayed.    At  the  last-mentioned 
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place  the  line  of  movement  is  marked  by  a  long,  high  ridge  formed 
of  Cretacic  sandstones  standing  on  edge. 

The  southern,  or  Mesa  Jumanes,  cross-section  passes  eastward 
from  the  crest  of  the  Manzano  Mountains,  over  the  northern  extremity 
of  the  plateau  plain  known  as  the  Mesa  Jumanes,  to  beyond  the  Cerro 
del  Pino  near  Torrance  (section  G-Hy  Group,  Fig.  10).  The  western 
part  of  the  section  is  synclinal  in  character  with  Cretacic  beds  as  the 
surface  rock.  The  Mesa  Jumanes  is  a  tableland  with  even  surface 
which  is  elevated  300  feet  above  the  level  of  the  surrounding  plains. 
Its  sides  are  very  steep.  It  appears  to  have  an  anticlinal  structure, 
with  Carbonic  limestones  forming  the  central  part.  The  margins  are 
composed  of  Cretacic  sandstones.  The  explanation  of  this  remark- 
able plateau  plain  appears  to  be  found  in  the  physiography  of  the 
regicA  farther  to  the  northeastward.  It  is  believed  that  the  Estancia 
Plains  once  formed  a  part  of  the  Las  Vegas  plateau  which  extends 
northward  to  the  Colorado  line,  and  that  the  elevated  Mesa  Jumanes 
is  a  remnant  of  the  Ocate  plateau  so  conspicuous  to  the  north  of  the 
city  of  Las  Vegas. 
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The  literature  on  the  subject  of  concretions  is  somewhat  limited 
in  extent,  and  consists  largely  of  descriptive  rather  than  theoretical 
matter.  It  is  safe  to  say,  however,  that  distinct  tjrpes  present  different 
problems  for  solution,  and  have  resulted  from  divers  combinations  of 
chemical  and  physical  laws.  The  forces  brought  to  play  in  the  form- 
ing of  one  kind  may  have  played  no  part  in  the  creation  of  another. 
Types  vary  to  such  a  degree  that  a  valid  clasafication  is  diflBcult  to 
prepare.  Certain  writers  have  made  general  classifications  with 
reference  to  manner  of  growth;  for  instance,  Dana'  employs  the 
terms  '* centrifugal"  and  "centripetal"  concretions  for  growths  to 
and  from  a  center  respectively.  The  latter  includes  principally 
concretions  of  a  geodal  character.  In  a  similar  way  the  terms  "  excre- 
tions" and  "incretions"  have  been  used.^ 

There  can  be  no  doubt  as  to  the  occurrence  of  these  two  general 
types,  but  it  has  been  supposed,  in  many  cases,  that  concretions 
have  originated  only  through  chemical  phenomena.  There  arc 
exceptions,  however,  in  which  certain  forms  of  rounded  nodules 
have  been  considered  as  resultant  forms  of  physical  forces.  Kindle* 
accounts  for  certain  concretions  of  the  Chemung  by  pressure  of  rising 
gases  of  organic  origin  beneath  impervious  strata  in  a  semi-plastic 
state.  This  idea  was  suggested  by  observation  of  Agassiz  and  Horsford 
on  *' raised  hemispherical  surfaces"  in  clayey  mud  near  Cambridge.^ 
Kindle  makes  use  of  this  theory  to  account  for  a  band  of  undistorted 
fossils  along  the  vertical  and  lower  horizontal  surfaces  of  certain  of 

I  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey, 
a  J.  D.  Dana,  Manual  of  Geology ^  4th  ed.,  p.  98. 

3  J.  E.  Todd,  *' Concretions  and  Their  Geological  EfiFects,"  Bulletin  0/  the  Geo- 
logical Society  0}  America,  Vol.  XIV,  p.  361. 

4  E.  M.  Kindle,  "Concretions  in  Chemung  of  Southern  New  York,"  American 
Geology,  June,  1904. 

s  American  Association  /or  the  Advancement  0/  Science,  Vol.  IV,  p.  12. 

452 


PHYSICAL  ORIGIN  OF  CERTAIN  CONCRETIONS        453 

the  Chemung  concretions  in  southern  New  York.  He  supposes  that 
the  fossils  once  occupied  a  definite  horizon  and  have  been  pushed 
upward  and  around  the  superjacent  material  which  forms  the  body 
of  the  concretion.  Kessler  and  Hamilton/  after  giving  an  analysis 
of  a  certain  gabbro  and  contained  concretions,  conclude  with  the 
remark:  "This  similarity  in  chemical  composition  seems  to  denote 
that  the  cause  which  set  about  the  formation  of  the  spheroids  was 
not  a  chemical  phenomenon."  The  writers  refer  to  the  explanation 
of  Vogelsang*  in  the  type  locality,  Corsica;  the  latter  suggested  that 
this  concentric  arrangement  may  be  due  to  irregular  areas  of  cooUng 
and  contraction.  Blake^  in  referring  to  the  concretionary  structure 
in  white  volcanic  lava  of  Tucson,  Arizona,  takes  the  view  that  con- 
centric structure,  in  that  case,  has  been  formed  by  deposition  around 
inclusions  through  action  of  permeating  groimd  water. 

It  is  apart  from  the  discussion  here,  however,  to  deal  with  the 
concretionary  and  spheroidal  structure  of  many  eruptive  rocks.  The 
present  article  is  intended  to  consider  the  origin  of  certain  types  of 
concretions  common  to  sedimentary  deposits  only,  and  especially 
those  concentric  nodules  of  argillaceous  composition  containing,  in 
many  instances,  noticeable  percentages  of  calcareous  and  ferruginous 
constituents,  and  to  show  that  possibly  physical  forces  have  played 
no  little  part  in  the  forming  of  many  of  the  common  spherical,  ellipti- 
cal, discoidal,  or  irregular  concretions  in  shales  or  clays.  In  some 
cases  concretions  are  known  to  have  originated  entirely  from  chemical 
.  solution;  an  instance  of  this  class  is  foimd  in  the  well-known  "loessr 
kindchen  "  of  the  loess  deposits.  These  calcareous  nodules  are  formed 
often  as  incrustated  deposits  around  roots  and  small  plant  stems. 
Other  occurrences  present  equal  evidences  of  purely  chemical  origin. 
But  many  of  the  more  or  less  roimded  nodules  of  concentric  structure 
and  smooth  surfaces  have  merely  been  alluded  to  as  products  of  an 
aflSnity  for  like  to  like  with  no  definite  explanation  as  to  how  or  why 
they  were  so  formed.    The  theory  of  attraction  or  afl&nity  of  like  to 

«  H.  H.  Kessler  and  W.  R.  Hamilton,  "Orbicular  Gabbro  of  Dehesa  Co.,  Cali- 
fornia," American  Geology f  Vol.  XXXIV,  pp.  133-40. 

*  SiiMungsberichte  der  niederrheinischen  Ceschichte^  Vol.  XIX,  p.  185,  1862. 

3  "Origin  of  Orbicular  and  Concentric  Structure,"  Transactions  0/  the  American 
InsUtute  of  Mining  Engineers^  Vol.  XXXVII,  p.  39. 
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segregate  to  like,  subsequent  to  deposition  of  beds,  is  not  suflBcient  to 
account  for  many  alluminous  concretions  in  clays  and  shales.  Often 
the  composition  of  inclosing  sediments  is  closely  similar  to  that  of 
the  included  concretion  but  is  usually  variable. 

The  writer  holds  that  many  such  concretions  are  contemporaneous 
with  the  strata  in  which  they  are  contained;  that  they  have  resulted 
through  adhesion  of  particles  in  overloaded  water  volumes  disturbed 
by  currents. 

During  the  seasons  of  1906  and  1907  the  writer  observed  concre- 
tions so  formed  under  natural  conditions  in  alluvial  beds  of  Present 
Age.  This  was  in  the  desert  region  of  the  San  Juan  Basin,  New 
Mexico.  Conditions  were  met  with  here  such  as  are  not  common 
to  the  present  land  areas.  The  Rio  Chaco,  some  40  miles  above 
its  confluence  with  the  Rio  San  Juan,  may  be  taken,  as  a  type  locality. 
Here  the  bed  of  the  stream  is  made  up  of  alternating  layers  of  sand 
and  alluvial  clay.  Water  flows  along  the  bed  only  during  the  winter 
and  spring  months  or  after  extensive  rains.  The  fall  of  the  river  is 
very  sUght.  During  the  flow,  vast  amounts  of  sand  and  clay,  or  mud, 
are  transported  along  by  the  sluggish  stream.  The  water,  disappear- 
ing rapidly  through  evaporation  and  absorption  in  this  arid  region, 
is  forced  to  deposit  its  sediments  along  the  way;  first  the  heavy  sand 
grains  or  tiny  pebbles,  then  the  finer  sand,  then  the  coarse  clayey 
material,  and  finally  the  very  fine  silt,  which  is  held  in  suspension, 
becoming  more  and  more  concentrated  as  the  water  is  soaked 
•up  or  is  evaporated.  Often  this  moving  mixture  is  a  mere  viscid 
fluid.  After  the  water  ceases  to  run  and  dries  away,  a  thin  coating 
of  clay  is  left  over  the  surface  of  the  stream  bed.  Resting  in  and 
on  this  layer  arc  often  to  be  seen  great  numbers  of  round,  concentric 
clay  concretions.  The  accompanying  plate  indicates  the  manner  in 
which  they  are  collected  into  aggregations.  These  concretions  are 
solid  but  may  easily  be  broken  with  the  hands.  Some  show  nuclei 
in  the  form  of  small  pebbles  or  angular  fragments  but  many  of  them 
appear  to  be  of  similar  material  throughout  with  no  recognizable 
nuclei.  Cross-sections  revealed  that  some  of  them  contain  small 
pebbles  and  sand  grains  in  certain  concentric  shells  of  their  makeup. 
The  majority  average  about  ij  inches  in  diameter. 

The  origin  of  these  concretions  is  not  difi5cult  to  explain.     In 
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the  super-concentrated  or  overloaded  water  carrying  fine  clay  particles 
along  a  smooth  bottom,  an  adhesion  of  those  particles  naturally 
results.  They  are  pressed  together  as  are  finely  disseminated  par- 
ticles of  butter  in  the  everyday  illustration  of  churning.  They  may 
imite  with  or  without  a  nucleus.  A  soft  nodule  will  form,  grow,  and 
become  round  by  being  rotated  along  its  different  axes  as  boys  roll 
snowballs.  It  will  be  propelled  by  the  current,  gathering  as  it  goes. 
It  will  pass  over  slightly  diflFerent  characters  of  materials  and  may 
gather  at  intermittent  periods;  hence  diflFerent  concentric  shells  will 


Fio.  I. — Clay  balls  in  the  bed  of  the  Rio  Chaco,  New  Mexico. 

result.  Should  it  pass  over  sandy  particles  or  small  pebbles,  it  will 
gather  them  up  and  may  later  cover  them  with  additional  coatings 
of  clay.  At  eddies  or  acute  bends  in  the  stream  the  concretions 
aggregate  and  may  become  slightly  welded  together.  There  is  a 
limit  to  their  size  depending  on  the  strength  of  current  flowage; 
they  grow  until  the  current  is  no  longer  able  to  transport  them,  then 
settle  to  become  covered  by  subsequent  deposition.  It  may  occur 
that  the  upper  or  exposed  portion  while  King  on  the  bottom  receives 
additional  material  from  the  depositing  sediments,  resulting  in  an 
orbital  form  with  a  partly  inclosing  shell  which,  with  modifications, 
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is  a  very  common  occurrence  among  concretions  from  sedimentary  cky 
and  shale  beds.  Or  it  is  quite  possible  that  a  concretion  formed 
as  above  may  be  subjected  to  stronger  currents  or  dearer  water  and 
be  eroded  to  any  imaginable  shape  with  smooth  outlines.  It  may  be 
carried  to  a  distance  and  incorporated  in  a  sediment  of  an  entirely 
different  character  from  that  in  which  it  had  its  origin.  Its  composi- 
tion as  a  whole  would  likely  in  most  instances  vary  from  the  material 
immediately  surrounding  it. 

The  following  are  analyses  of  a  typical  clay  and  inclosed  concre- 
tion from  the  Champlain  clays  of  the  Connecticut  Valley.* 

DARK  CLAY  LAYER  INCLOSED  CONCRETION 

Silica 51-90  Silica 42  93 

Iron  oxide 8.81  Iron  oxide 13. 66 

Alumina 20 .43  Alumina 25 .49 

Lime 97  Lime 3.07 

Magnesia 1.27  Magnesia 2.09 

Manganese  oxide 9^  Manganese  oxide i .  10 

Carbon  dioxide 30  Carbon  dioxide 18 

It  will  be  observed  that  the  silica  and  carbon  dioxide  of  the  concre- 
tion are  somewhat  lower  than  that  of  the  clay,  while  the  remaining 
constituents  are  higher.  While  the  percentage  of  lime  is  2 .  10  per 
cent,  greater  than  in  the  clay,  yet  it  is  not  in  sufficient  amount  to  justify 
the  term  *' lime-concretion."  The  quantity  of  lime  present  in  this 
type  may  vary  from  a  small  amount  to  more  than  50  per  cent.*  From 
the  presence  of  a  high  percentage  of  lime  it  does  not  follow  that  this 
constituent  has  been  the  prime  factor  in  the  origin  of  the  concretion. 
Concretions  of  the  character  under  discussion  often  show  structure 
made  up  of  very  fine  material  such  as  would  have  resulted  had  they 
been  formed  from  the  adhering  of  minute  particles.  Clay  and  shale 
concretions  have  been  known  to  contain  gravels,  coarse  sand  grains, 
or  small  organic  relics  as  nuclei.  Some  show  small  pebbles  and  coarse 
sand  grains  in  the  form  of  interior  concentric  shells.^  Similar  struc- 
ture has  been  pointed  out  as  occurring  among  the  concretions  which 
form  in  the  bed  of  the  Rio  Chaco. 

I  J.  M.  A.  Sheldon,  The  Champlain  Clays  of  the  ConneUictU  Valley, 
»  C.  B.  Adams,  "Concretions,"  Second  Annual  Report  on  Geology  of  the  State  of 
Vermont,  pp.  111-18. 

3  "Champlain  Clays,"  loc.  cit. 
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Unfortunately  the  writer  has  no  quantitative  analysis  of  the  speci- 
mens from  the  Chaco.  They  effervesce,  however,  in  the  presence  of 
acids.  One  would  expect  them  to  contain  a  high  percentage  of 
soluble  materials  as  is  common  to  ordinary  concretions.  The  last 
material  laid  down  physically  in  the  water  volume  is  necessarily  of  a 
very  fine  character;  furthermore,  the  water  itself,  being  rapidly  con- 
centrated to  the  point  of  super-saturation,  is  forced  to  throw  down 
its  minerals  in  solution  at  the  same  time  the  concretions  are  being 
formed.  If  the  water  gains  its  clayey  substances  from  ferruginous 
beds,  iron  oxides  will  prevail  in  the  last  stages  of  the  concentrated 
solution.  If  calcareous,  then  lime  will  be  prevalent  in  the  fine  silt 
at  the  time  when  conditions  are  favorable  for  the  forming  of  concre- 
tions. The  same  will  hold  true  in  the  case  of  other  soluble  minerals. 
It  is  reasonable  to  suppose  that,  in  accordance  with  the  theory  of 
physical  origin,  most  concretions  of  this  class  would  be  calcareous, 
since  lime  is  most  common.  Hence  it  is  seen  that  while  the  compo- 
sition of  a  concretion  so  formed  depends  on  chemical  relationship, 
yet  the  concretionary  process  is  itself  a  physical  one. 

Concretions  often  show  flattened  or  discoid  shapes  with  the  greater 
axes  parallel  to  the  bedding  planes  of  the  containing  strata.  Writers 
have  suggested  that  this  is  due  to  there  being  less  resistance  to  growth 
in  the  horizontal  than  in  the  vertical  planes.  In  some  cases  the  strata 
seem  to  have  been  pushed  away  by  the  enlarging  concretion.  Such 
a  flattening,  however,  may  have  been  due  entirely  to  pressure  and 
the  strata  pushed  back  aroimd  the  concretion  through  resistance  to 
that  pressure.  There  would  also  be  a  tendency  toward  development 
of  cleavage  in  the  concretion  at  right  angles  to  the  pressure  and  these 
planes  might  easily  be  confused  with  planes  of  stratification,  the  two 
in  normal  instances  being  parallel. 

So  far  as  the  writer  knows,  attention  was  first  called  by  Dr.  George 
P.  Merrill*  to  the  balling  tendency  of  mud  under  artificial  conditions. 
He  cites  the  phenomenon  of  concretionary  balls  having  been  formed 
in  mud  flowing  quietly  from  the  mouth  of  an  iron  pipe;  the  instance 
was  that  of  pumping  sediment  from  the  bottom  of  the  Potomac  a 
few  years  ago  for  the  purpose  of  deepening  the  channel  and  filling 
the  so-called  Potomac  flats  on  the  river  front  at  Washington  City. 

«  G.  P.  MerriU,  Rocks,  Rock  Weathering,  and  Soils^  p.  37. 
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Dr.  Merrill  states  that  this  occurrence  shows  in  an  interesting  way 
the  manner  in  which  certain  concretions  are  formed. 

Another  example  of  the  balling  tendency  of  clay  particles  thickly 
suspended  in  current  water  is  shown  in  the  washing  of  brown  iron 
ores  in  Alabama.'  The  clay  in  the  log  washers  often  adheres  into 
balls  or  concretions  and  it  is  necessary  to  remove  these  by  hand 
before  the  ore  is  sent  to  the  furnaces.  There  may  be  serious  loss  of 
the  finer  ore  particles  due  to  the  balls  picking  them  up  and  carrying 
them  to  the  waste  dump.  These  mechanical  illustrations  of  the 
balling  tendency  of  clay  are  closely  similar  to  those  observed  to  occur 
under  natural  conditions  in  the  bed  of  the  Rio  Chaco. 

Is  it  not  reasonable  to  suppose  that  causes  which  are  now  eflfective 
in  producing  concretionary  structure  have  been  in  operation  during 
past  ages  of  the  earth's  history  ?' 

«  W.  B.  Phillips,  "Iron  Making  in  Alabwima,"  Alabama  Geological  Survey, 
»  Since  preparing  the  above  article,  the  writer  has  been  informed  by  Mr.  Frank  L. 
Hess  that  mud  concretions  have  been  observed  by  him  along  the  Cuyama  River  and 
other  localities  in  California  and  by  Mr.  H.  S.  Gale  along  a  small  tributary  to  White 
R^ver,  near  Meeker,  Colorado.  No  doubt  the  occurrence  is  familiar  to  most  geologists. 
In  the  Umpqua  shales  (marine  Eocene)  of  Oregon,  Mr.  Chester  W.  Washbume 
reports  having  found  concretions  containing  a  concentric  layer  of  marine  shells;  they 
were  in  such  a  position  as  to  indicate  that  the  concretions  had  been  formed  by  a  xmion 
of  particles  due  to  rolling. 
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THE  RAISED    BEACHES 

Around  the  borders  of  Lake  Michigan  are  many  fragments  of 
abandoned  shore  lines,  which  stand  at  different  heights  above  the 
present  lake.  They  mark  a  series  of  stages  of  extinct  lakes  of  late 
glacial  times,  known  as  Lake  Chicago,  Lake  Algonquin,  and  the 
Nipissing  Great  Lakes.  Near  the  south  end  of  the  lake,  where 
erosion  has  been  slight  and  the  accumulation  of  shore  drift  has  been 
going  on  since  the  earliest  times,  there  is  a  record  of  nearly  all  the 
stages  through  which  the  lake  has  passed.  On  both  the  east  and  west 
sides  of  the  lake,  however,  in  Michigan  and  Wisconsin,  where  the 
cutting  back  of  cliffs  at  the  present  level  of  Lake  Michigan  has  been 
vigorous,  the  old  shore  lines  have  been  partly  or  wholly  destroyed  for 
stretches  of  five  to  twenty-five  miles.  Even  where  the  present  lake 
has  not  cut  away  the  record,  it  is  usually  incomplete,  because  the 
higher  beaches  have  been  destroyed  by  cliff  recession  during  the 
lower  of  the  extinct  stages.  It  follows  that  the  old  shore  lines  pre- 
served at  one  locality  do  not  necessarily  correspond  with  those  at  a 
neighboring  locality,  either  in  number  or  in  order.  The  matter 
of  correlation  is  not  a  very  simple  one;  the  highest  beach  at  a  given 
locality  may  not  correspond  with  the  highest  at  a  neighboring  locality, 
even  though  it  may  be  less  than  a  mile  away.     Moreover,  while  the 

«  With  the  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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beaches  around  the  south  end  of  Lake  Michigan  are  still  horizontal, 
having  been  undisturbed  by  earth  movements  since  they  were  formed, 
those  in  the  more  northerly  portions  have  been  affected  by  repeated 
differential  uplifts.  Each  beach  rises  northward  at  a  rate  different 
from  those  above  and  below  it,  and  at  a  rate  which  increases  repeatedly 
in  a  northward  direction.  At  one  or  more  points,  the  planes  marked 
by  the  inclined  beaches  split,  vertically,  so  that  a  single  stage  in  the 
southern  part  of  the  lake  represents  fifteen  or  twenty  stages  in  the 
northern  part.  This  is  the  result  of  the  repeated  tiltings  of  the 
northern  district.  The  problem  of  proper  correlation  of  the  frag- 
ments, then,  and  of  the  complete  reconstruction  of  the  old  water 
planes  is  a  very  difl&cult  one.  Not  only  must  as  many  of  these  frag- 
ments as  possible  be  discovered,  but  at  each  locality  every  beach  and 
terrace  of  the  series  must  be  noted,  its  strength  and  peculiar  charac- 
ters recorded,  and  its  altitude  measured  with  all  possible  precision. 
The  raised  beaches  about  the  south  end  of  Lake  Michigan  have 
been  described  in  detail  by  Leverett,'  Alden,"  and  others.  The 
beaches  along  the  west  side  of  the  lake,  in  eastern  Wisconsin,  were 
first  studied  in  detail  by  the  present  writer,^  in  1905.  The  planes 
which  were  recognized  there  have  since  been  traced  farther  north 
in  the  upper  peninsula  of  Michigan,  by  Hobbs.**  On  the  east  side  of 
the  lake,  Taylor  and  Lcverctt  have  for  several  years  been  accumu- 
lating detailed  information  concerning  the  beaches.  It  was  with  the 
purpose  of  supplementing  this  work  by  a  series  of  more  detailed  and 
precise  measurements,  and  thus  establishing  more  definitely  the 
identity  of  certain  beaches,  and  their  relations,  that  the  writer,  imder 
Mr.  Taylor's  direction,  undertook  a  six  weeks*  survey  of  the  shore 
lines  along  the  east  side  of  Lake  Michigan  in  July  and  August,  1907, 

I  Frank  Leverett,  "The  Illinois  Glacial  Lobe,"  U,  S.  Geol,  Surv,  (Monog. 
XXXVIII),  1899;  also  earlier  papers  (see  op.  cit.,  p.  419). 

» W.  C.  Alden,  "Chicago  Folio,"  Geologic  Atlas  of  U.  S.,  U,  5.  Geol.  Surv.,  Folio 
81,  1902;  "The  Delavan  Lobe  of  the  Lake  Michigan  Glacier  of  the  Wisconsin  Stage 
of  Glaciation,  and  Associated  Phenomena,"  U.  S.  Gtol.  Surv.  (Prof.  Paper  34),  1904; 
"Milwaukee  Special  Folio,"  Geologic  Atlas  of  U.  S.,  U.  S.  Geol.  Surv.,  Folio  140.  1906. 

3  J.  W.  Goldthwait,  "Correlation  of  the  Raised  Beaches  on  the  West  Side  of  Lake 
Michigan,"  Jour.  Geol.,  Vol.  XIV,  pp.  421-24,  1906.  "Abandoned  Shore-Lines  of 
Eastern  Wisconsin,"  Wis.  Geol.  &*  Nat.  Hist.  Surv.  (Bull,  xvii),  1907. 

4  For  the  Mich.  Geol.  Surv.     Results  not  yet  published. 
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for  the  U.  S.  Geological  Survey.  The  method  of  measurement  and  of 
assembling  the  data  secured  in  this  study  is  the  same  which  had  been 
used  in  eastern  Wisconsin  in  1905.  It  was  unnecessary  in  this  case, 
however,  to  spend  much  time  in  exploration;  for  Mr.  Taylor  had 
selected  a  large  number  of  localities  where  measurements  could  be 
made  most  advantageously.  Considering  the  shortness  of  the  season, 
therefore,  the  field  covered  was  a  large  one,  and  the  results  obtained 
were  imusually  complete. 

The  old  water  planes,  or  imaginary  surfaces  of  the  extinct  lakes, 
are  marked  by  a  variety  of  shore  features.  One  type  which  is  common 
on  both  the  past  and  present  shores  is  the  cut  blufif  and  bench.  As 
developed  along  the  present  shore  of  Lake  Michigan,  the  steeply 
sloping  bluff  or  cliff  rises  from  the  water's  edge,  while  the  bench  or 
terrace  at  its  base  reaches  out  under  water.  The  point  at  the  base  of 
the  bluff  or  the  top  of  the  bench  is  approximately  the  highest  point 
at  which  erosion  by  storm  waves  is  effective.  It  is  usually  a  little 
above  the  normal  lake  level.  Where  bedrock  cliffs  instead  of  clay 
bluffs  form  the  coast,  however,  the  bench  is  perhaps  likely  to  be  a 
little  lower  than  lake  level.  There  is  a  constructional  variation  here 
of  a  few  feet,  but  of  only  a  few  feet,  in  the  case  of  Lake  Michigan.  In 
making  measurements  on  such  a  bench,  to  determine  the  altitude  of 
the  old  water  plane,  the  base  of  the  bluff  was  always  taken.  It  is 
the  only  determinable  point  that  one  can  take  as  a  standard.  Care 
was  taken,  of  course,  in  making  these  measurements,  to  avoid  places 
where  the  bench  had  been  built  up  by  landslides,  or  by  alluvial 
wash  down  the  face  of  the  bluff,  or  where  it  had  been  gullied  by 
streams.  A  range  of  error  of  five  feet  would  probably  be  quite  enough 
in  this  region  to  allow  for  discordances  of  benches  due  to  original 
constructional  variation  in  height. 

Quite  a  different  feature  of  topography  is  the  beach  or  beach  ridge 
— a  line  of  shore  drift  banked  up  by  the  waves  at  or  close  to  the  water's 
edge,  and  rising  only  as  high  as  storm  waves  can  fling  material.  In 
exposed  places  on  the  shore  of  Lake  Michigan,  beaches  have  been 
observed  whose  crests  stand  fully  six  feet  above  calm  water  level. 
As  a  rule,  however,  they  stand  only  three  or  four  feet  above  it.  In 
rare  cases,  where  local  conditions  favor  a  heavy  surf,  the  beaches 
probably  attain  a  height  of  eight  or  even  ten  feet.    The  crest  of  a 
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beach,  however,  is  the  only  point  which  one  can  take  as  a  criterion  for 
measuring  a  water  plane;  so  in  the  study  of  these  raised  beaches  it  is 
the  crest  that  has  been  measured  each  time.  Care  was  taken  to  make 
sure  of  the  presence  of  gravel  on  the  surface  of  these  beaches,  in  order 
to  eliminate  the  effects  of  wind-blown  sand,  which  often  raises  a 
beach,  locally.  If  we  allow  a  range  of  five  feet  for  original  variation 
in  height  of  beach  crests,  we  have  probably  satisfied  all  discordances 
except  those  which  can  be  recognized  as  due  to  peculiar  local  con- 
ditions. 

Other  varieties  of  the  beach  need  scarcely  be  mentioned,  such  as 
the  bar  or  barrier,  built  between  headlands,  in  comparatively  deep 
water.  Its  height  is  liable  to  be  more  extreme  on  that  accoimt.  The 
object  in  the  foregoing  remarks  is  to  show  that  the  points  selected  for 
measurement  (the  base  of  a  bluff,  or  the  crest  of  a  beach  or  barrier) 
were  chosen  for  convenience,  not  to  say  from  necessity,  and  that  an 
original  constructional  variation  in  height  of  about  five  feet  is  fully 
recognized. 

METHOD   OF   INVESTIGATION 

In  the  measurements  the  spirit-  or  Y -level  was  used  almost  exclu- 
sively, and  to  decided  advantage.  While  much  has  been  accom- 
plished with  the  hand  level  and  aneroid,  in  skilful  hands,  neither  of 
these  instruments  has  the  accuracy  or  reliability  of  the  Y -level.  The 
influence  of  weather  conditions,  especially  lake  breezes,  on  the 
aneroid,  and  the  personal  equation  in  the  hand  level  are  liable  to  cause 
mistakes  in  such  work  as  this.  Where  there  is  a  whole  series  of  shore 
lines  to  be  measured  in  one  locality  and  these  beaches  and  benches 
follow  one  another  in  short  vertical  intervals,  all  possible  accuracy  in 
measurement  is  needed  to  correlate  them,  individually  with  mem- 
bers of  a  similar  series  at  a  neighboring  locality.  The  Y -level, 
then,  is  almost  indispensable  for  work  in  the  central  and  southern 
portions  of  the  Great  Lake  region,  and  desirable  in  all  parts  of  it. 
Upham  and  Tyrrell  used  the  Y -level'  in  measurements  of  altitude 
of  the  raised  beaches  of  Lake  Agassiz  before  1890,  Spencer'  used  it  in 

»  Warren  Upham,  "The  Glacial  Lake  Agassiz,"  U.  S.  Geol.  Surv.  (Monog.,  XXV), 
p.  9,  1896. 

a  J.  W.  Spencer,  "Deformation  of  the  Algonquin  Beach  and  Birth  of  Lake  Huron," 
Am.  Journ.  Sci.  Vol.  cxli,  pp.  12-21,  189 1,  and  other  papers. 


A  RECONSTRUCTION  OF  WATER  PLANES  463 

Ontario  at  about  the  same  time.  Lawson'  used  it  along  the  north 
coast  of  Lake  Superior  in  1891;  but  between  that  time  and  1905,  the 
hand  level  and  aneroid  were  very  generally  used,  instead;  and 
accordingly  the  correlation  and  identity  of  the  beaches  of  the  Lake 
Michigan  basin  were  imperfectly  known. 

Absolute  accuracy  is  of  course  impossible  even  with  the  Y-level. 
On  the  one  hand  are  original  variations  in  height  of  the  beaches  and 
benches,  due  to  local  conditions  imder  which  they  were  constructed 
or  cut;  for  which  five  feet  has  been  allowed.  On  the  other  hand 
a  certain  amount  of  error  is  involved  in  the  process  of  leveling;  first, 
through  the  slight  inaccuracy  in  the  use  of  the  instruments,  and 
second,  through  the  use  of  Lake  Michigan  as  the  datum  or  starting- 
point.  It  frequently  happened,  on  days  when  levels  had  to  be  run, 
that  a  strong  on-shore  wind  was  blowing  and  the  waves  were  rimning 
high,  so  that  one  could  not  tell  within  half  a  foot  what  the  normal 
level  of  the  lake  would  be  at  that  place.  To  be  quite  fair,  then,  we 
must  expect  in  these  measurements  occasional  discordances  due  to  a 
combination  of  these  errors  of  six  feet  or  so. 

THE  SHORE  LINES   OF  LAKE  CHICAGO 

The  old  shore  lines  fall  into  two  distinct  groups.  There  is  an 
earlier  group,  well  registered  around  the  south  part  of  Lake  Michigan, 
but  unknown  in  the  northern  part.  These  belong  to  the  so-called 
Lake  Chicago,  a  lake  which  was  confined  to  the  Michigan  basin,  with 
its  outlet  at  the  extreme  southwest  corner,  into  the  Desplaines  valley 
at  Chicago.  A  later  group,  represented  by  but  a  single  shore  line 
in  the  southern  part  of  the  basin,  below  the  beaches  of  Lake  Chicago, 
but  rising  to  a  considerable  height  northward,  and  splitting  into  a 
large  vertical  series,  records  the  complex  history  of  Lake  Algonquin 
and  the  Nipissing  Great  Lakes. 

The  shore  lines  of  Lake  Chicago,  as  distinguished  at  the  south 
end  of  the  basin,  and  described  by  Leverett  and  Alden,  mark  three 
distinct  stages,  to  which  the  names  Glen  wood  (or  60-foot),  Calumet 
(or  40-foot)  and  Toleston  (or  20-foot)  stages  have  been  given.  To 
be  more  exact,  the  average  altitudes  of  these  three  shore  lines  arc  55, 

«  A.  C.  Lawson,  "Sketch  of  the  Coastal  Topography  of  the  North  Shore  of  Lake 
Superior,  with  Special  Reference  to  the  Abandoned  Strands  of  Lake  Warren, "  Minn, 
CeoL  Suru.,  20th  Ann.  Rept.  p.  231. 
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38,  and  23  feet  above  Lake  Michigan,  or  approximately  636,  619,  and 
604  feet  above  sea  level.  In  the  following  table,  the  altitudes  of 
these  beaches  is  given  for  six  selected  localities,  where  spirit-level 
measurements  have  been  made  by  the  writer. 


Locality 

Evanston  and  Niles  Center,  111 

Zion  City,  111 

State  Line,  111.,  and  Wis , 

Line  between  Racine  and  Kenosha  coun- 
ties. Wis 

Holland,  Mich 

Spring  Lake  and  Eastmanville,  Mich 


MOa  North 
of  ChicMlo 


Gicttwood 


OHimff 


TdeMoo 


15 
43 
46 

57 
65 
87 


636^ 
634' 
634' 

63/ 
638' 

633' 


621* 

616' 

621' 
621' 
(613O 


605' 

z 
z 


60s' 

602' 


It  will  be  noticed  that  the  first  four  localities  are  on  the  west  side 
of  Lake  Michigan.  The  last  two  are  on  the  east  side.  Spring  Lake 
and  Eastmanville  are  near  Grand  Haven.  The  symbol  "x"  in  the 
table  indicates  that  the  shore  line  is  missing  because  of  destructive 
cliff  cutting  at  a  lower  stage.  Other  measurements  might  be  given, 
less  accurate  than  these,  but  confirming  them,  almost  without  excep- 
tion. They  indicate  that  as  far  north  as  a  Une  through  Grand  Haven, 
Mich.,  and  Milwaukee,  Wis.,  the  three  beaches  of  Lake  Chicago  are 
horizontal.  The  terrace  at  Eastmanville,  given  at  613'  in  the  table 
above,  is  so  obscure  a  feature  that  its  exact  altitude  cannot  be  esti- 
mated within  several  feet.  Disregarding  this  one  measurement,  then, 
the  data  show  a  remarkable  accordance  in  the  altitude  of  beaches,  the 
variation  being  not  more  than  five  feet  for  each  stage.  That  much 
ariation,  as  has  already  been  remarked,  must  be  expected  in  the 
original  construction  of  the  beaches.  There  is  no  indication  of 
system  in  the  slight  departures  from  uniformity  of  height  from  north 
to  south,  hence  no  reason  to  suppose  that  any  of  these  water  planes 
are  inclined  at  all  south  of  Grand  Haven  and  Milwaukee.  Appar- 
ently, then,  these  beaches,  representing  the  earliest  stages  of  the 
lakes  of  late  glacial  times  have  been  unaffected  by  any  of  the  earth 
movements  which  are  known  to  have  deformed  the  central  and 
northern  portions  of  the  Great  Lake  region  since  the  ice  withdrew. 

On  the  accompanying  map  (Fig.  i)  the  northern  limit  of  hori- 
zontality  for  these  beaches  of  Lake  Chicago  is  indicated  by  a  line; 
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and  this  line  is  extended  east  and  southeast  through  Lake  St.  Clair 
and  Ashtabula,  Ohio,  so  as  to  mark  the  corresponding  limit  for  the 
beaches  of  Lakes  Maumee  and  Whittlesey  in  the  Erie  basin,  as 
determined  by  Leverett  and  Taylor.  South  of  this  line,  then,  there 
seems  to  have  been  no  subsequent  deformation  in  either  the  Michigan 
or  the  Erie  basins. 

Beyond  Grand  Haven,  on  the  east  side  of  the  lake,  the  data 
recently  collected  at  several  localities,  as  far  north  as  Ludington, 


Fig.  I. — ^Map  of  Lakes  Michigan  and  Huron,  showing  northern  limit  of  hori- 
sontality  of  the  beaches  of  Lakes  Chicago,  Maumee  and  Whittlesey,  altitudes  of  the 
Algonquin  beach  at  selected  localities,  and  isobases  of  deformation  and  line  of  maxi- 
mum inclination  of  the  waiped  Algonquin  water  plane. 

indicates  that  the  beaches  rise  northward  and  increase  in  number; 
but  the  precise  correlation  has  not  been  possible  for  several  reasons. 
The  measurements  are  as  follows: 

Locality  Disdnct  Beaches  at 

Muskegon 604',  609',  6i3'-6i6',  628' 

Montague 632',  654',  656',  658. 

Bass  Lake 628'-63o',  639',  642',  649'-65o'. 

Ludington  and  Amber 636'-64o',  673'-675'. 

The  fragments  north  of  Grand  Haven  are  scarce  and  generally 
obscure,  becoming  sandy  and  irregular  as  they  go  north.  It  appears 
as  if  they  were  approaching  the  ice  border  for  those  stages,  and  fading 
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VFxj  ^isaciz  *btt  moramrt  Tboee  bnrftr^  wfaich  locaDr  diow 
ttrccg^ierrdriocnggcamiocbeguup^ 

planes  Ek&  the  Alnoq^in  beaches  presemlr  to  be  described.  The 
rate  of  mrFnarinc  trom  soodi  to  nortfa  is  hanUr  one  foot  per  mik. 
It  is  posable,  tfaexu  that  tbe  soatfavard  siam  of  these  beadies  is  due 
wfaoDj  to  ice  amcdoQ.  accorcfing  to  the  calcolatioBS  of  R.  S.  Wood- 
ward.' .\55TiTTring  an  ice  sheet  of  leasooable  extent  and  thickness, 
Woodward  found  that  its  attraction  mi^  be  sufficient  to  raise  the 
surface  of  the  lake  nearbv  into  a  curre,  concaTe  upward,  with  an 
apparent  inclination  of  several  inches  to  the  mile  for  the  first  fifty 
miks  or  so  from  the  ice  border.  If  diis  be  the  right  exfJanation  for 
the  Lake  Chicago  beaches  north  of  Grand  Haven,  it  accounts  for  the 
apparent  lack  of  hannonv  between  the  measurements;  for  the 
rdation  of  successive  water  {Janes  to  each  other  would  be  similar 
to  the  branchings  of  a  feather  (see  Fig.  2)  and  the  few  points  where 


Fig.  2. — Diagram  showing  how  a  series  of  ice-attnu:ted  water  planes  might  look, 
in  profile. 

measurements  have  been  made  might  happen  to  lie  on  several  dif- 
ferent divergent  surfaces.  If,  on  the  other  hand,  the  northward 
ascent  of  the  beaches  is  due  to  a  series  of  differential  uplifts  of  the 
region,  these  uplifts  must  have  occurred  before  the  formation  of  the 
next  lower  beach,  the  "  Algonquin"  beach,  for  that  beach  is  horizontal 
over  the  whole  southern  half  of  the  Michigan  basin. 

North  of  Ludington  little  is  known  of  these  beaches,  and  no  meas- 
urements have  been  made.  While  the  Glenwood  and  Calumet  shore 
lines  might  expectedly  terminate  at  any  place,  against  a  moraine, 
the  Toleslon  or  lowest  shore  line  of  Lake  Chicago  ought  to  extend 
northward  to  the  place  where  the  ice  border  first  uncovered  a  low 
j)ass  leading  across  Michigan  into  the  adjoining  Huron  basin,  probably 
east  of  Little  Traverse  Bay.  No  traces  of  such  a  beach  are  known. 
It  is  probable  that  the  record  is  too  weak  and  obscure  to  be  recog- 
nized. 

«  R.  S.  Woixlwarcl,  "On  ihe  Form  and  Position  of  the  Sea  Level,"  U.  S.  Geol. 
Surv.  (Bull.  48.  p.  88),  1888. 
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THE  ALGONQUIN  BEACH 

Below  the  beaches  of  Lake  Chicago,  encircling  the  south  end  of 
Lake  Michigan,  is  the  Algonquin  beach.  It  rises  northward,  in 
the  central  and  northern  part  of  the  basin,  as  shown  by  the  map, 
Fig.  I.  The  identity  of  this  beach,  the  highest  shore  line  on  Mackinac 
Island,  as  the  "Algonquin"  beach*  of  Spencer  was  long  ago  recog- 
nized by  Taylor.  On  the  map.  Fig.  i,  can  be  seen  the  altitude  of  this 
Algonquin  beach  at  about  thirty-five  selected  localities  in  the  Huron 
and  Michigan  basins.  The  warped  attitude  of  the  water  plane 
which  passes  through  these  points  is  indicated  by  the  system  of  iso- 
bases  and  the  line  of  maximum  inclination  which  runs  perpendicular 
to  them.  The  data  have  been  taken  from  several  sources.  The 
measurement  on  the  Garden  peninsula  (7250  is  one  of  many  made  by 
Hobbs  in  1907.  The  twenty  or  more  remaining  measurements  around 
Lake  Michigan  and  the  Straits  of  Mackinac  were  made  by  the  present 
writer,  in  company  with  F.  B.  Taylor,  in  1907.  On  the  west  side 
of  Lake  Huron  the  measurements  were  made  by  Frank  Leverett, 
A.  C.  Lane,  W.  M.  Gregory,  W.  F.  Cooper,  and  C.  A.  Davis.  East 
of  Lake  Huron  the  measurements  are  all  Spencer's  except  the  one  at 
Beaverton,  which  was  recently  made  by  Taylor. 

Recent  investigations  by  Taylor  in  Ontario,  supplementing  earlier 
studies,  indicate  that  this  beach  marks  a  period  of  activity  of  two 
outlets,  one  at  Port  Huron  and  one  east  of  Kirkfield,  Ontario,  where 
there  was  an  overflow  into  the  valley  of  the  Trent  River.  This 
Algonquin  beach,  of  the  "two-outlet"  stage,  seems  to  be  the  highest 
beach  common  to  the  Huron  and  Michigan  basins.  This  gives 
reason  to  conclude  that  when  the  ice  border  south  of  the  Straits  of 
Mackinac  withdrew  so  as  to  let  the  waters  of  the  Michigan  basin 
merge  with  those  of  the  Huron  basin,  the  "Trent  outlet"  was  already 
running.  Had  the  lakes  merged  before  the  Trent  pass  was  imcovered 
and  while  the  Port  Huron  outlet  alone  was  active,  then  the  plane  of 
that  beach,  adjusted  to  the  Port  Huron  outlet,  would  have  been  tem- 
porarily abandoned  when  the  Trent  pass  was  uncovered,  and  the 
waters  fell  to  a  low  level;  and  the  subsequent  uplifts  which  raised  the 

« J.  W.  Spencer,  "Notes  on  the  Origin  and  History  of  the  Great  Lakes  of  North 
America"  (abstract),  Am.  Assoc,  Adv.  Set.,  Proc,  Vol.  XXXVII,  pp.  197-99,  1889, 
and  later  papers. 
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Trent  pass  up  to  the  level  of  the  one  at  Port  Huron  would  have 
this  old  plane  (withm  this  region  of  deformation)  well  above 
subsequent  level  of  the  waters.  No  such  plane  above  the  Algom 
beach  of  the  "two-outlet  stage"  is  known,  unless  it  be  the  Tol 
beach.  As  already  noted,  this  beach  is  lost,  north  of  Ludini 
and  no  beach  is  known  in  the  Huron  basin  which  connects  with  th 
the  northern  part  of  the  lower  peninsula  of  Michigan. 

CONSTRUCTION  OF   A  PROFILE   OF   WATER  PLANES 

The  altitudes  of  the  Algonquin  beach  at  about  fifty  localitie 
the  northern  part  of  the  Michigan  basin  is  shown  in  Fig.  3.  Th 
a  miniature  copy  of  a  large  scale  chart  (composed  of  sheets  of 
U.  S.  Lake  Survey)  on  which  the  data  collected  in  1905  and  1907 1 
plotted  for  final  inspection.  Through  and  among  these  point 
series  of  isobases  was  drawn  with  a  vertical  interval  of  ten 
These  were  found  to  be  parallel  to  each  other,  and  to  be  in  harm 
with  the  similar  lines  across  the  Huron  basin,  as  shown  in  Fij 
Across  the  isobases  was  then  drawn  a  line  in  the  direction  of  maxin 
inclination — a  gentle  curve  that  changes  gradually  from  N.  i^ 
near  the  Straits  of  Mackinac  to  N.  5°  E.  south  of  Grand  Trav 
Bay.  With  this  map  as  a  basis  for  locating  points,  a  profile  of 
Algonquin  beach  and  the  complex  series  of  shore  lines  below  il 
then  drawn,  as  follows:  Upon  the  line  of  maximum  inclination 
plotted  the  position  of  each  station  on  the  east  side  of  the  lake  w 
measurements  had  been  made.  Each  one  was  then  transfer 
directly  to  a  sheet  of  co-ordinate  paper,  on  which  distances  from 
to  right  represented  distances  from  south  to  north.  A  horizontal 
at  the  base  was  taken  to  represent  the  present  level  of  Lake  Michi 
(581.5  feet  A.  T.  in  July  and  August,  1907).  With  a  vertical 
of  20  feet  to  the  inch  (500  times  as  large  as  the  horizontal)  the  altit 
of  every  beach  and  bench  was  recorded  by  an  ordinate.  Tl 
ordinates  served  to  reconstruct  the  water  plane  in  profile.  A  redu 
copy  of  this  profile  constitutes  Plate  I.  In  it,  between  Hessel 
Onekama,  a  distance  of  125  miles,  over  25  different  lines  of  level 
as  many  localities  along  the  east  side  of  Lake  Michigan  are  rej 
sented.  In  other  words,  the  stations  are  on  the  average  5  miles  ap 
About  190  measurements  are  on  well-formed  beaches  or  benches, 
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about  50  on  beaches  or  benches  that  are  less  distinct,  though  not  to 
be  neglected  in  a  fair  consideration  of  evidence.  A  distinctive  symbol 
is  used  for  the  two  contrasted  types  of  topography,  benches  and 
beaches;  and  the  symbol  for  a  well-formed  beach  or  bench  is  diflferent 
from  the  one  for  a  beach  or  bench  that  is  faint.  The  size  of  the  spot 
is  intended  to  cover  the  probable  range  of  error  in  measurement. 
The  height  of  a  cut  bluff  is  shown  by  a  wriggling  vertical  line. 
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Fig.  3. — ^Map  of  the  north  end  of  Lake  Michigan,  showing  the  warped  attitude 
of  the  Algonquin  water  plane. 

Through  the  highest  beach  thus  recorded  a  line  or  band  was  drawn 
with  a  thickness  (according  to  the  scale)  of  6  feet,  to  represent  the 
range  of  variation  in  height  to  be  expected  in  the  original  construction 
of  the  beach  or  bench.  The  line  or  band,  when  drawn  as  a  gentle 
curve,  so  as  to  pass  most  directly  through  the  highest  ordinates,  in- 
cludes 21  out  of  24  of  them.  Of  the  3  which  are  either  too  high  or 
too  low,  to  fall  within  it,  one  at  Carp  Lake,  fully  8  feet  too  low,  is 
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easily  accounted  for.  It  is  a  beach  ridge  on  a  height  of  land,  where 
no  opportunity  exists  for  the  record  of  a  higher  stage.  The  other 
two  discordant  points,  one  at  Petoskey  and  one  at  Leland,  are  five 
feet  below  and  4  feet  above  the  center  of  the  band,  respectively, 
instead  of  being  within  3  feet  of  it.  This  discordance  of  one  or  two 
feet  is  not  a  serious  one;  for  it  might  be  due  to  an  error  in  leveling 
which  augments  an  original  variation  in  height,  instead  of  being 
included  in  that  variation. 

The  rate  of  inclination  of  this  Algonquin  plane  measured  from 
Hessel  (at  the  ancient  "Munuscong  Islands")  southward  to  Mackinac 
Island  (15  miles)  is  3.73  feet  per  mile.  From  Mackinac  Island  to 
Beaver  Island  (24  miles)  it  is  3.30  feet  per  mile.  A  rather  rapid 
change  of  inclination  near  the  isobase  of  Beaver  Island  introduces 
a  tilt  rate  of  about  2.00  feet  per  mile.  Over  the  southern  part  of 
Grand  Traverse  Bay  the  rate  again  decreases,  perhaps  more  gradually 
than  in  the  former  case,  so  that  near  Traverse  City  it  is  about  i.oo 
foot  per  mile.  The  further  change  from  an  incline  to  a  horizontal 
position,  which  is  accomplished  near  Onekama,  seems  to  be  a  rather 
rapid  one;  for  Onekama  is  only  25  miles  south  of  Traverse  City, 
where,  as  we  have  just  remarked,  the  tilt  rate  is  one  foot  per  mile. 
The  abruptness  of  the  changes  near  Beaver  Island  and  Onekam 
could  be  emphasized  by  representing  the  plane  on  the  profile  by  a 
bent  line  rather  than  a  curved  one.  The  curve  has  been  used  here 
merely  for  simplicity,  without  meaning  to  imply  that  the  deformation 
is  necessarily  a  warping  rather  than  an  upUft  by  the  tipping  or  jostling 
of  large  fault  blocks.  Either  sort  of  uplift  seems  admissable,  when 
due  weight  is  given  to  the  opportunity  for  variation  in  the  height 
of  the  beaches  or  benches. 

Below  the  highest  shore  line  are  a  number  of  others.  Some  of  them 
arc  equal  to  the  Algonquin  in  strength;  others  are  comparatively 
faint.  They  can  best  be  recognized  in  the  northern  part  of  the 
region,  where  the  vertical  space  between  them  is  greater.  On  Mack- 
inac Island,  for  instance,  strong  benches  and  beaches  record  ten 
lower  stages  of  considerable  importance.  The  Algonquin  beach  is  the 
highest  of  a  closely  spaced  group  of  ridges  which  are  well  displayed 
on  the  short  target  range  back  of  Fort  Mackinac.  This  "  Algonquin 
group"  of  beaches  occupies  an  interval  at  that  place  of  about  50  feet. 
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The  lowest  of  them  and  two  intermediate  ones  are  especially  promi- 
nent. Forty  feet  below  the  Algonquins,  and  separated  from  them 
by  an  interval  in  which  there  are  no  plainly  developed  beaches  or 
benches,  is  a  beach  of  remarkable  strength,  called  by  Taylor  the 
"Battlefield  beach."  It  was  so  named  because  of  its  conspicuous 
development  as  a  great  ridge  of  cobblestones  and  gravel  on  the  old 
battlefield,  on  the  north  slope  of  the  island.  Below  the  Battlefield 
beach  another  interval  of  40  feet,  unoccupied  by  any  very  persistent 
beaches,  leads  down  to  the  group  known  as  the  "Fort  Brady  beaches."* 
There  are  several  of  these  ridges.  Four  of  them  fill  a  vertical  interval 
of  25  feet;  below  them  are  at  least  two  others  of  which  we  have  a  dis- 
tinct record.  A  little  below  the  Fort  Brady  beaches  is  the  "  Nip- 
issing  shore  line,"  one  of  very  remarkable  strength.  It  is  probably 
the  most  conspicuous  of  all  the  shore  lines,  and  it  is  peculiar 
in  consisting  usually  of  a  bench  and  bluff  rather  than  a  beach  ridge. 
On  Mackinac  Island  it  stands  53  feet  above  Lake  Huron,  being 
represented  there,  however,  by  a  great  deep-water  barrier  which 
*nms  southwest  from  the  Episcopal  church.  Below  the  Nipissing  is 
one  stage  of  importance,  marked  by  the  "Algoma  shore  line."  At 
the  Straits  of  Mackinac  this  stands  about  25  feet  above  the  lake. 

All  these  shore  lines  and  groups  of  shore  lines — the  Algonquin 
group,  Battlefield  beach.  Fort  Brady  beaches,  Nipissing  shore  line, 
and  Algoma  shore  line — can  be  traced  southward  from  the  Straits  of 
Mackinac,  on  this  profile  (PL  I),  with  certainty  for  at  least  twenty 
miles,  to  Beaver  Island,  where  they  are  all  represented.  But  as  they 
are  followed  further  southward  the  record  of  them  is  found  to  become 
more  and  more  imperfect  and  incomplete.  The  planes  gradually 
converge  until  the  discrimination  between  them  becomes  difficult; 
and  what  is  more  troublesome,  in  the  development  of  cliffs  at  the  lower 
stages  (especially  the  Nipissing  and  the  present  stage)  many  of  the 
higher  beaches  have  been  cut  away  and  no  record  of  them  is  left. 
The  exact  position  of  the  planes  between  the  Algonquin  and  the 
Nipissing,  therefore,  cannot  be  absolutely  demonstrated,  though  a 
reasonable  amount  of  confidence  is  placed  in  the  reconstruction  here 
given.  In  the  case  of  the  Nipissing  shore  line,  however,  there  is  no 
uncertainty.  Its  exceptional  strength  and  peculiar  character  make 
it  possible  to  follow  this  plane  southward,  down  its  gentle  inclination 
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of  0.75  feet  per  mile,  diminishing  to  less  than  0.50  feet  per  mile  near 
Beaver  Island,  to  Onekama,  where  it  becomes  horizontal  and  seems 
to  unite  with  the  Algonquin  plane  to  form  the  single  S96-foot  plane 
already  mentioned.  While  the  data  for  the  intermediate  planes  do  not 
permit  an  unqualified  statement,  they  seem  to  indicate  that  the  lowest 
of  the  Algonquins,  the  Battlefield,  and  the  Fort  Brady  beaches  all  con- 
verge to  the  same  point,  Onekanla,  instead  of  being  overlapped, 
one  after  another,  by  the  Nipissing.  The  Algoma  plane  seems  to 
constitute  another  member  of  this  split  series;  but  its  exact  position 
south  of  Petoskey  is  somewhat  in  doubt. 

It  is  perhaps  possible  that  the  highest  Algonquin  beach  becomes 
horizontal  at  about  24  feet  above  Lake  Michigan,  near  Herring  Lake. 
This  is  suggested  by  the  work  of  the  present  writer  in  eastern  Wis- 
consin, and  by  the  data  thus  far  collected  by  those  who  have  worked 
in  the  Huron  basin.  If  so,  the  14-foot  "Nipissing  shore  line"  seems 
to  have  very  generally  destroyed  the  24-foot  "Algonquin  shore  line" 
along  the  east  side  of  Lake  Michigan,  south  of  Herring  Lake.  The 
evidence  here  seems  rather  to  indicate  that  the  Algonquin  and 
Nipissing  shore  lines  coincide  to  form  the  single  14-foot  shore  line. 
Figures  i,  3,  and  5,  and  Plate  I,  embody  this  idea. 

SIGNIFICANCE   OF   THE   FAN-LIKE   PROFILE 

The  steepness  of  inclination  of  these  water  planes,  and  their  con- 
vergence to  a  single  point,  affords  a  basis  for  choosing  between  differ- 
ential uplifts  and  ice  attraction,  to  explain  their  present  condition. 
At  the  Straits  of  Mackinac  the  calculated  rate  of  inclination  for  the 
highest  Algonquin  is  3.73  feet  per  mile;  for  the  lowest  of  the  Algon- 
quin group,  3.00  feet;  for  the  Battlefield,  2.10  feet;  for  the  highest 
Fort  Brady,  1.29  feet;  for  the  Nipissing,  0.75  feet;  and  for  the  Algoma, 
0.33  feet.  All  those  above  the  Nipissing  slant  too  steeply  to  be 
accounted  for  by  ice  attraction.  They  must  be  explained  by  a  series 
of  earth  movements  which  repeatedly  raised  the  shore  line  of  this 
region  out  of  water.  The  Nipissing  and  the  Algoma  shore  lines  are 
inclined  no  more  steeply  than  the  surface  of  the  lake  close  to  the  ice 
border  might  be  inclined  by  ice  attraction;  but  they  are  probably 
inclined  more  steeply  than  they  could  be  so  far  from  the  ice  border 
for  the  stages  they  represent.     The  ice  front  must  have  been  at  least 
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200  miles  to  the  northeast  of  this  region;  for  it  had  withdrawn  from 
the  Mattawa  valley,  east  of  North  Bay  (see  Fig.  i),  and  at  this  distance 
its  attraction  on  the  waters  would  hardly  have  raised  the  lake  surface 
more  than  an  inch  or  two  to  the  mile,  according  to  Woodward's  com- 
putations. Furthermore,  the  water  planes  come  together  at  a  single 
point.  They  should  converge  in  turn  to  a  series  of  points,  feather 
fashion,  if  they  marked  the  attraction  of  the  lake  to  successive  posi- 
tions of  the  retreating  ice  front  (see  Fig.  2).  Evidently,  then,  the 
inclined  position  of  the  planes,  and  their  fan-like  relation,  must  be 
attributed  to  earth  movements. 

The  line  from  which  the  planes  diverge  (the  "hinge  line"  on  the 
map,  Fig.  i),  or  as  seen  on  the  profile  (Plate  I)  the  point  at  which 
they  split,  might  be  determined,  it  seems,  in  either  of  two  ways.  It 
might  mark  the  southern  limit  of  a  series  of  deformations,  acting  thus 
as  a  hinge  on  which  the  tiltings  took  place.  If  so,  it  is  evident  that 
here  were  no  less  than  ten  or  fifteen  distinct  tilting  or  warping  move- 
ments, aU  of  which  hinged  on  the  same  line.  On  the  other  hand,  the 
point  of  splitting  might  be  located  at  an  outlet  (or  along  the  line  of 
equal  deformation  through  an  outlet),  which  together  with  the  region 
north  of  it  had  been  raised  by  tiltings;  for  as  the  outlet  rose,  the 
horizontal  surface  of  the  lake  would  rise,  south  of  it,  drowning  the 
old  shore  lines  there,  while  to  the  north  the  former  shore  lines  would 
be  raised  out  of  water  each  time  and  would  come  to  form  a  fan-like 
series.    This  process  is  illustrated  diagrammatically  by  Fig.  4. 

The  choice  between  these  two  explanations  for  the  case  at  hand 
may  be  quickly  made,  if  one  considers  the  information  shown  on  the 
map  (Fig.  i).  There  are  two  outiets,  only,  which  could  possibly  be 
associated  with  the  splitting,  viz.,  the  Kirkfield  and  the  Port  Huron 
outlets.  The  isobase  through  the  former  (if  it  were  drawn  an  875- 
foot  line,  parallel  to  the  83S-foot  isobase  on  the  map)  would  pass 
nowhere  near  Onekama,  but  rather  through  the  upper  peninsula 
of  Michigan.  That  is  a  district  as  yet  not  critically  examined.  The 
Port  Huron  pass  lies  south  of  the  "no  tilt"  line  (or  "hinge  line"  as 
it  is  called  in  Fig.  i) ;  that  is,  it  lies  within  the  district  which  has  been 
unaflFected  by  uplifts;  consequently  no  fan-like  splitting  can  occur 
at  it  or  in  line  with  it.  It  seems  necessary  to  conclude  that  Onekama 
lies  on  the  hinge  line  of  the  tiltings  which  raised  all  the  planes  into  their 
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inclined  positions.  That  so  many  tiltings,  separated  no  doubt  by 
considerable  intervals  of  time,  should  have  had  the  same  hinge  suggests 
that  this  line,  for  reasons  unknown,  is  one  of  structural  weakness. 

In  order  to  show  the  significance  of  the  fan-like  profile  of  water 
planes,  in  Plate  I  the  following  series  of  diagrams  (Fig.  5)  is  introduced. 
These  present  in  a  very  conventional  and  much  simplified  way  the 
relation  which  the  successive  planes  of  Lake  Algonquin  and  the 
Nipissing  Great  Lakes  should  bear  to  each  other  according  to 
the  present  generally  accepted  interpretation  of  the  history  of  the 
great  Lakes,  worked  out  by  Mr.  Taylor.      Since   that   histor}^  is 


>»•••  •••*••■ 


A 

Fig.  4. — Diagram  showing  in  profile  how  a  fan-like  group  of  water  planes  might 
be  produced  by  a  number  of  differential  uplifts  which  tilted  a  lake  basin  and  its  outlet. 
Outlet  at  O.  Uplifts  affect  region  to  the  right  of  X.  Three  stages  are  shown.  First 
stage,  outlet  at  /;  horizontal  water  plane  of  the  lake  at  aa.  Second  stage,  tilting  on 
right  side  of  A'  has  raised  outlet  to  2;  water  plane  aa  has  been  inclined  to  aa^;  the  lake 
has  risen  to  plane  hb,  drowning  that  part  of  it  which  lies  on  left  side  of  outlet.  Third 
stage,  another  uplift  has  raiser!  outlet  to  J;  has  tilted  bb  to  bb^,  and  increased  tilt  oi  aa^ 
to  aa^;  lake  has  risen  to  cc;  on  left  side  of  outlet  planes  a  and  b  have  been  drowned; 
on  right  side,  they  rise,  splitting  at  outlet,  fan-fashion. 

recognized  as  subject  to  revision,  through  further  study,  the  dia- 
grams should  be  taken  to  represent  simply  the  conditions  which  seem 
most  probable,  in  the  light  of  the  evidence  already  at  hand.  Although 
in  the  actual  case  the  planes  have  been  warped  to  curved  profiles, 
as  shown  in  Plate  I,  they  arc  represented  in  the  diagrams  as  simply 
tilted.  This  is  wholly  for  the  sake  of  simplicity,  and  must  not  be 
thought  to  imply  that  the  crustal  movements  were  actually  tiltings 
instead  of  warpings. 

The  final  diagram  (6,  in  Fig.  5)  shows  the  present  position  of 
these  planes.  That  portion  which  lies  south  of  the  Trent  outlet 
is  based  on  recent  detailed  work  in  the  Michigan  and  Huron  basins, 
including  that  described  in  this  paper.     The  large  profile,  Plate  I, 
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corresponds  with  that  part  of  Diagram  6.  The  remaining  part,  north 
of  the  Trent  outlet,  covers  a  large  field  in  which  studies  have  been 
less  detailed  and  the  reconstruction  on  that  account  cannot  be  regarded 
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Fig.  5. — ^Diagrams  showing  how  the  water  planes  of  Lake  Algonquin  and  the 
Nipissing  Great  Lakes  should  be  related,  as  seen  in  profile,  if  the  generally  accepted 
history  of  the  lakes  is  correct  i,  2,  3,  4,  5,  6,  six  selected  stages  in  the  lake  history 
during  the  retreat  of  the  ice  border  and  the  differential  uplifts.  X,  the  point  on  which 
the  diflFercntial  uplifts  hinged,  Onekama.  The  triangles  represent  outlets,  the  con- 
trolling point  being  the  apex.  P.  if.,  Port  Huron  outlet.  T,  Trent  outlet.  A", 
Nipissing  outlet,  a,  6,  c,  d,  e,  etc.,  successive  water  planes  of  the  lakes,  in  the  order  of 
their  age.  a,  early  Algonquin  beach,  unknown  in  the  Michigan  basin,  but  theoreti- 
cally necessary  in  the  Huron  basin,  6,  c,  planes  of  temporary  low  water  stages  through 
the  Trent  outlet;  d,  plane  of  the  "Algonquin  beach;*'  e,  plane  of  the  Battlefield  beach 
/,  plane  of  a  Fort  Brady  beach;  ^,  plane  of  a  temporary  low- water  stage  through  the 
Nipissing  pass,  p>ossibly  marine  submergence;  A,  plane  of  the  Nipissing  shore  line; 
f,  plane  of  the  Algoma  shore  line;  ;,  present  plane  of  the  Lake  Michigan 
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as  actually  established.  From  this  series  of  diagrams  it  may  be  seen 
that  (i)  the  "Algonquin"  beach  of  the  Michigan  basin  marks  the 
"two  outlet"  stage  when  the  discharge  was  shared  between  the  pass 
at  Port  Huron  and  that  at  Kirkfield.  Before  it  there  had  been  a 
"low-water"  stage,  adjusted  to  the  Trent  (i.  e.,  Kirkfield)  outlet 
in  its  original  low  position;  but  earth  movements  had  lifted  the  outlet, 
and  consequently  the  lake  level  south  of  it  to  the  level  of  the  Port 
Huron  pass.  The  records  of  this  low  water  stage  (southern  continu- 
ations of  planes  b  and  c)  have  been  drowned  in  the  Michigan  and 
Huron  basins.  The  lower  members  of  the  group  of  Lake  Algonquin 
beaches,  the  Battlefield  and  Fort  Brady  beaches,  represent  successive 
stages  after  the  restoration  of  the  Port  Huron  outlet  (planes  e  and  /). 
Each  seems  to  record  a  diflFerential  uplift  in  which  the  northern  part 
of  the  region  was  raised  out  of  water,  from  a  hinge  near  Onekama. 
The  Nipissing  plane  (A)  represents,  like  the  Algonquin,  a  "two-oudet" 
stage,  with  the  discharge  divided  between  Port  Huron  and  North 
Bay.  Previous  to  it  the  low  Nipissing  pass  east  of  North  Bay  had 
been  opened  and  a  second  low  water  stage  had  occurred.  The  data 
thus  far  collected  seem  to  admit  a  possibility  that  this  was  a  stage  of 
temporary  marine  submergence;  but  further  careful  studies  and 
more  accurate  measurements  in  that  most  critical  field  will  be  needed 
before  the  truth  is  known.  With  repeated  uplifts,  the  waters  of  the 
Huron  and  Michigan  basins  rose  from  this  low  level,  the  "low  water" 
beaches  were  drowned  (except  north  of  the  Nipissing  pass),  and  the 
Port  Huron  outlet  was  re-established.  Since  then  the  Nipissing 
plane  has  been  raised  far  out  of  water.  The  Algoma  beach  (i)  seems 
to  mark  the  most  important  pause  in  this  period  of  comparatively 
recent  uplift. 
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Earthquakes:    An  ItUrodudion  to  Seismic  Geology,    By  William 
Herbert  Hobbs.    New  York:    D.  Appleton  and  Co.,  1907. 

Recent  earthquake  phenomena  in  North  America  have  aroused  such  general 
interest  in  the  subject  that  there  has  arisen  a  well-defined  demand  for  dearly 
written  books  on  earthquakes,  in  which  one  could  find  the  latest  knowledge  in 
such  a  form  as  to  be  intelligible  even  to  the  layman.  Professor  Hobbs  has  set 
himself  the  task  of  supplying  this  demand,  and  has  been  very  successful  in  his 
effort  He  has  given  us  a  book  which,  though  brief,  oudines  the  main  facts, 
theories,  and  conclusions  in  a  dear,  direct,  and  simple  manner.  Moreover,  he 
brings  the  information  down  to  date,  which  is  a  matter  of  great  importance  in  a 
sdence  that  has  felt  the  impulse  of  new  methods  that,  within  a  decade,  have 
aknost  revolutionized  certain  phases  of  the  subject. 

In  the  first  chapter  there  is  a  brief  summary  of  early  theories  for  earthquakes, 
induding  the  simple  notions  of  the  andent  philosophers,  and  a  tradng  of  the 
steps  by  which  the  centrum  theory  has  been  gradually  abandoned.  The  next  six 
chapters  deal  with  various  topics,  among  them  the  cause  and  distribution  of 
earthquakes,  the  nature  of  the  shocks,  the  effect  of  earthquakes  on  surface  and 
underground  water,  and  the  earthquake  faults  and  fissures  and  their  relation  to 
earth  lineaments. 

The  latter  topic,  which  is  the  author's  spedal  contribution,  though  touched 
upon  at  various  points  in  the  book,  receives  special  treatment  in  chapter  vi.  The 
main  points  in  this  chapter  are  already  familiar  to  American  geologists  from  the 
spedal  artides  by  Professor  Hobbs,  and  there  has  been  a  widespread  dissent  from 
his  views  as  to  the  relation  between  what  he  calls  earth  "lineaments"  and  seis- 
motectonic  lines.  To  the  reviewer  it  seems  that,  while  Professor  Hobbs  un- 
doubtedly has  a  good  point  here,  applied  in  moderation,  he  has  given  it  a  far 
greater  application  than  any  facts  he  presents  will  warrant.  There  is  much  reason 
to  bdieve  that  many  geologists  have,  in  large  measure,  overlooked  the  significance 
of  joint  planes,  faults,  and  other  lines  of  earth  weakness  in  topographic  expression; 
and  the  facts  presented  by  Professor  Hobbs  in  this  chapter,  and  in  his  special 
artides,  dearly  show  that  there  is  a  more  definite  and  wide-spread  relation  between 
earth  lineaments  and  seismotectonic  lines  than  has  generally  been  recognized. 
At  the  same  time,  it  seems  equally  clear  that  Professor  Hobbs  has  read  into  earth 
lineaments  a  rdationship  to  faults  and  fissures  which  no  facts  so  far  presented 
will  warrant. 

To  be  specific,  sdecting  but  one  of  a  number  of  instances,  the  city  of  Elmira, 
in  central  southern  New  York,  is,  according  to  Professor  Hobbs,  one  of  the  greatest 
centers  of  intersection  of  earth  lineaments  in  northeastern  United  States,  no  less 
than  five  lines  centering  there.    Here,  as  in  other  maps,  the  data  upon  which 
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these  conclusions  are  based  are  almost  wholly  arbitrary,  and  totally  uncon- 
vincing. In  some  cases  it  amounts  to  little  more  than  drawing  straight  lines 
connecting  two  or  more  places  from  which  one  or  more  earthquakes  have  been 
reported.  It  is  to  be  regretted  that  so  much  stress  has  been  placed  upon  such 
doubtful  cases,  for  it  is  liable  to  discredit  the  whole  theory,  by  attracting  attention 
to  the  weak  parts  and  thereby  throwing  doubts  even  on  the  strong  parts. 

Following  these  chapters  are  four  in  which  are  presented  summary  statements 
of  phenomena  associated  with  notable  earthquakes  in  North  America  and  other 
parts  of  the  world;  and  this  is  followed  by  a  chapter  on  earthquake  danger  spots 
within  the  United  States.  It  is  to  be  hoped  that  the  intimation  that  the  large 
coastal  cities,  from  Washington  to  Boston,  are  on  a  danger  line  will  not  be  verified 
by  future  earthquake  phenomena. 

The  next  chapter  deals  rather  fully  with  the  sounds,  or  branlidi,  accompanying 
earthquakes,  and  a  discussion  of  the  significance  of  noises  from  the  earth  when 
there  are  no  sensible  shocks.  Then  comes  a  chapter  on  the  "Study  of  Earth- 
quakes on  the  Ground,''  in  which  there  are  some  suggestions  that  will  doubdess 
be  of  decided  value  to  amateur  observers,  as  well  as  to  others,  who  have  the 
opportunity  of  studying  an  earthquake  and  its  results.  The  last  four  chapters 
deal  respectively  with  disturbances  in  the  ocean,  seismographs,  interpretation 
of  seismograph  records,  and  disturbances  of  gravity  and  earth  magnetism.  In  the 
last  two  chapters  the  importance  of  distant  seismographic  records  is  deariy 
shown,  and  the  main  results  so  far  attained  are  stated. 

Each  of  the  chapters  is  closed  with  a  selected  series  of  references  to  original 
papers,  which  will  be  of  use  to  those  who  wish  to  pursue  the  subject  further. 
The  book  is  well  printed  and  adequately  illustrated  with  one  hundred  and  t\^-elve 
figures  and  maps,  and  twenty-four  pages  of  half  tone  plates,  on  most  of  which 
there  are  two  pictures. 

To  prepare  a  general  summary  of  a  large  subject,  in  the  compass  of  a  litde 
over  three  hundred  pages,  and  to  present  the  matter  clearly  and  scientifically, 
and  yet  in  such  a  manner  as  to  interest  both  the  lay  reader  and  the  student  of 
science,  is  one  of  the  most  difficult  forms  of  writing,  and  the  author  of  this  book 
is  to  be  congratulated  on  the  success  which  he  has  attained  in  his  eflfort  to  accom- 
plish this  end.  He  has  given  us  a  readable  book,  and  yet  one  in  which  even  the 
geologist  will  find  new  matter,  unless  he  has  followed  all  the  latest  literature  on 
the  subject  of  earthquakes  from  the  standpoint  of  both  the  physicist  and  the 
geologist.  The  student  of  geology,  as  well  as  the  la3rman,  will  find  the  book 
interesting,  suggestive,  and  informing.  It  takes  rank  with  the  best  of  the  general 
books  on  seismology. 

Ralph  S.  Tarr 

The  Iron  Ores  of  th^  Salisbury  District  of  Connecticut,  New  York,  and 
Massachusetts.  By  William  Herbert  Hobbs.  (Reprint  from 
Economic  Geology,  Vol.  II,  No.  2,  March- April,  1907,  pp.  153-81.) 

From  the  low-grade  limonite  ore  of  this  district  a  superior  grade  of 


REVIEWS  479 

manganese  iron,  especially  weU  adapted  for  car-wheels,  has  long  been 
prepared  by  the  old  charcoal  process.  Iron  has  been  mined  almost  con- 
tinuously since  1734.  Most  of  the  mines  are  located  at  or  near  the  boimdary 
of  the  areas  of  Hudson  schist  with  those  of  the  Stockbridge  dolomite,  both 
of  which  are  Cambro-Ordovician  sedimentaries.  The  more  important  of 
the  exploited  ore  beds  form  a  nearly  continuous  series  encircling  the  base 
of  Mt  Washington.  The  author  believes  that  the  ore  was  derived  from 
pyrite  in  the  Berkshire  schists  of  the  adjacent  elevated  territory,  and  that 
the  ore  bodies  have  been  formed  by  the  replacement  of  Berkshire  schist 
and  Stockbridge  dolomite. 

C.  W.  W. 

Lead  and  Zinc  Deposits  of  Virginia.  By  Thomas  Leonard  Watson. 
(Geological  Survey  of  Virginia,  Geological  Series,  Bulletin  No.  i. 
Pp.  156,  14  plates.  Published  by  the  Board  of  Agriculture  and 
Immigration,  Richmond,  Va.,  1905.) 

Galenite  and  sphalerite  are  associated  in  all  the  mining  districts,  gener- 
ally as  replacement  deposits  in  limestone  breccia  near  faults,  and  on  anticlinal 
axes.  The  sulphide  ores  show  no  secondary  enrichment.  The  most  inter- 
esting featiure  of  this  region  is  the  secondary  oxidized  ore  which  occurs  in 
depressions  of  the  weathered  surface  of  the  limestone  beneath  several  feet 
of  residual  clay.  This  ore  consists  of  predominant  calamine,  associated 
with  smithsonite,  and  cerrusite,  and  toward  the  bottom  there  is  generally 
some  galenite.     Conunercial  ores  are  limited  to  the  Shenandoah  Limestone. 

C.  W.  W. 


The  Paragenesis  of  the  Minerals  in  the  Glaucophane- Bearing  Rocks 
of  California.  By  James  Perrin  Smith.  (Proceedings  of  the 
American  Philosophical  Society,  Vol.  XLV,  1906,  pp.  183-242.) 

This  paper,  and  the  one  by  H.  S.  Washington  published  last  year,  make 
a  nearly  complete  study  of  the  glaucophane  schists  and  related  rocks.  Pro- 
fessor Smith  shows  that  the  glaucophane  rocks  of  the  Coast  Ranges  have 
been  derived  from  siliceous  fragmental  sediments,  deposits  of  organic  silica, 
acid  arkoses,  mediimi-basic  clay  shales,  basic  tuffs,  syenites,  diorites,  dia- 
bases, gabbros,  and  probably  pyroxenites.  The  origin  may  be  determined 
by  study  of  the  chemical  composition.  Metamorphism  has  consisted 
merely  in  recrystallization,  no  material  has  been  added  or  taken  away, 
except  that  the  water  which  once  existed  in  the  pore  spaces  has  been  included 
as  water  of  crystallization.  The  paper  includes  thuty-two  chemical  analyses, 
and  petrographic  descriptions  of  the  minerals  and  rocks. 

C.  W.  W. 


48o  REVIEWS 

The  Charleston  Earthquake  of  1886  in  a  New  Light.  By  William 
Herbert  Hobbs.  (Reprint  from  Geological  Magazine^  N.  S., 
Decade  V,  Vol.  IV,  May,  1907,  pp.  197-202.) 

The  linear  distribution  of  craterlets  and  of  points  of  special  damage  to 
railroad  tracks,  as  determined  by  Dutton,  leads  the  author  to  the  conclusion 
that  these  phenomena  indicate  the  position  of  faults  in  the  rocks  below  the 
coastal  series.  There  are  two  main  sets  of  faults,  one  treading  about 
N.  6f  E.,  the  other  about  N.  lo*'  W. 

C.  W,  W. 

Some  Topographic  Features  Formed  at  the  Time  of  Earthquakes  and 
the  Origin  of  Mounds  in  the  Gulf  Plain.  By  Wm.  H.  Hobbs. 
(Reprint  from  American  Journal  of  Science,  Vol.  XXIII, 
pp.  245-56,  April,  1907.) 

In  areas  of  subsidence,  especially  during  earthquakes,  water  is  squeezed 
upward  through  fissures  and  gives  rise  to  forms  such  as  the  mud  cones  and 
craterlets  in  the  deltas  of  great  rivers,  to  the  sandstone  dikes  and  pipes 
observed  in  many  rocks,  and  to  moimds  of  the  "spindle-top"  type  observed 
in  the  Texas  and  the  Baku  oil-fields. 

c.  w.  w. 

Itiniraires  dans  le  Haut  Atlas  Marocain.  By  T-.OUIS  Gentil.  La 
Geographic,  Bulletin  de  la  Socift^de  Geographic,  15  mars,  1908, 
pp.  177-200,  map. 
M.  Gentil  has  furnished  us  a  sketch  of  the  topographic  and  geologic 
observations  made  during  his  journeys  in  a  diflScult  and  dangerous  area 
which  includes  Cape  R'ir  and  Marrakech  in  Morocco.  Most  of  the  systems 
of  sedimentary  rocks  are  represented  in  this  region,  together  with  volcanic 
and  metamorphic  formations  of  somewhat  uncertain  age.  It  is  a  striking 
fact  that  the  rocks  show  in  most  cases  the  features  which  are  characteristic 
of  contemporaneous  deposits  in  the  greater  part  of  the  surface  of  the  earth. 
Thus  the  lower  Carboniferous  contains  limestones  with  numerous  crinoids 
and  bryozoans  and  the  Permo-Trias  consists  of  red-beds  with  gjrpsum  and 
salt  and  of  other  deposits  formed  on  land  or  in  shallow  lagoons.  As  else- 
where, the  Cretaceous  marks  a  period  of  extensive  sea  transgression  and 
may  easily  be  separated  into  a  lower  and  an  upper  division.  The  sheUy 
sandstones  of  the  Tertiary  occupy  a  tract  along  the  Atlantic  coast.  The 
author  concludes  with  a  summary  of  the  general  orography  of  the  north- 
western comer  of  Africa.  His  observations  confirm  the  conclusion  of  Suess, 
that  there  is  essential  continuity  between  the  structures  of  northern  Africa 
and  southern  Spain.  H.  H. 
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Lehrbuch  der  geologischen  Formationskunde.     By  Dr.  Emmanuel 
Eayseil    Dritte  Aufiage,  1908.    Stuttgart:  Verlag  von  Ferdi- 
nand Enkc. 
The  third  edition  of  diis  very  useful  textbook  contains  many  changes  of 
a  minor  character  which  were  rendered  necessaiy  by  the  recent  rapid  strides 
in  statigraphical  research.    A  few  sections  have  been  extensively  revised 
and  rewritten.    The  volume  is  one-sixth  larger  than  the  second  edition, 
and  contains  over  100  additional  illustrations  of  fossils,  besides  new  figures 
and  plates.  H.  H. 


Physical  Geography  oj  the  EvansUm-Waukegan  Region.    By  W.  W. 

Atwood  and  J.  W.  GoLDTHWArr.    Urbana,  111. :  Illinois  State 

Geological  Survey,  Bulletin  No.  7,  1908. 
This  forms  the  first  of  a  series  of  "  Educational  Bulletins  "  descriptive 
of  various  parts  of  Illinois,  and  should  be  of  particular  interest  to  teachers 
of  physiography  and  geology.  Excellent  accoimts  of  the  work  and  deposits 
of  continental  glaciers  and  of  the  evolution  of  lake  shore-lines  are  given 
as  well  as  sununaries  of  the  history  of  the  greater  Great  Lakes  and  of  the 
features  characteristic  of  the  various  stages  of  an  erosion  cycle. 

H.  H. 


The  Evolution  of  the  Falls  of  Niagara.  By  J.  W.  Spencer.  470  pp., 
43  pis.,  30  figs.  Ottawa:  Canadian  Geological  Survey,  1907. 
From  1842  to  1905  die  average  recession  of  the  Canadian  Falls  was 
found  to  be  4.2  ft  per  year,  and  of  the  American  Falls  only  0.6  foot  per 
year.  G.  K.  Gilbert  (U.  S.  G.  S.,  Bull.  306)  calculated  the  retreat  for  the 
two  falls  at  s  ft.  and  3  in.  respectively.  The  former  breadth  of  the  Cana- 
dian Falls  has  been  reduced  neariy  one-seventh  by  conunercial  operations, 
and  if  the  whole  amoimt  of  water  granted  by  the  present  franchises  for 
power  purposes  be  utilized  these  falls  will  shrink  from  3,000  ft.  to  1,600  ft., 
idiile  on  die  American  side  there  will  remain  but  a  few  disconnected  streams. 
New  soundings  show  a  depth  of  92  ft.  below  the  level  of  Lake  Ontario  at 
the  head  of  the  Whirlpool  Rapids  and  furnish  equally  interesting  figures 
for  other  parts  of  the  river.  Much  new  light  is  thrown  on  the  history  of 
the  Whirlpool — St.  David  buried  channel,  and  the  truth  about  this  feature 
seems  finally  to  have  been  made  clear.  The  ancient  stream  which  flowed 
in  it  never  drained  the  Erie  basin,  nor  does  it  account  for  much  of  the  gprge 
above  the  Whirlpool,  as  has  been  sometimes  stated.  To  its  great  depth, 
however,  it  caused  die  formation  of  the  Whirlpool.    A  small,  superficial. 
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post-Glacial  valley  diverted  the  old  Niagara  above  the  Whiripool  and  con- 
centrated the  flow  in  such  a  manner  that  a  deep,  narrow  gpige  was  eica- 
vated.  Afterward  this  was  partially  filled  with  blocks  of  stone  and  the 
present  Whirlpool  Rapids  were  formed.  The  basin  at  the  site  of  the 
present  falls  is  part  of  the  shallow  valley  of  a  former  tributary  of  an  old 
oudet  of  the  Erie  basin.  The  Upper  Rapids  owe  dieir  existence  to  the 
fact  that  the  falls,  in  working  back,  are  climbing  the  bank  of  this  refilled 
channel.  Below  the  Whirlpool  the  well-known  Foster  Flats  indicate  the 
position  of  the  floors  of  the  Niagara  River  at  the  time  when  there  were  two 
falls,  one  in  advance  of  the  other.  A  third  cataract  existed  still  farther 
down  the  gorge  and  persisted  long  after  the  other  two  had  become  united. 
When  the  falls  had  retreated  just  beyond  Foster  Flats  the  drainage  from 
the  three  upper  Great  Lakes  was  added  to  that  of  the  Erie  basin,  which  had 
already  found  an  oudet  through  the  Niagara.  A  study  of  the  fluctuations 
of  the  lake  levels  shows  that  the  tilting  of  the  Great  Lakes  area  has  not 
operated  during  the  last  50  years.  The  above  are  only  a  few  of  the  features 
connected  with  Niagara  and  its  history  which  are  discussed  in  this  very 
complete  study  of  the  river.  Mr.  Spencer  places  the  age  of  the  falls  at 
39,000  years.  H.  H. 

Transvanl  Mines  Department,    Report  of  the  Geological  Survey  for 
the  Year  1906.  Pretoria,  1907.  140  pp.,  37  pi. 

The  plan  of  the  Transvaal  Survey  is  to  publish  separate  sheet  maps  of 
definite  portions  of  the  Colony,  together  with  descriptions  of  the  geology  of 
these  areas.  The  report  for  1906  contains  descriptions  of  the  structure, 
topography,  and  stratigraphy  of  nearly  5,000  square  miles  of  territory  and 
pays  especial  attention  to  deposits  of  economic  value.  OcciUTences  of 
magnesite,  coal,  magnetite,  hematite,  antimony,  and  gold  are  cited.  In 
connection  with  the  non-detrital  auriferous  deposits  in  the  Lyndenburg  and 
Carolina  districts  it  is  of  interest  to  note  that  they  are  of  the  bedded  ore- 
sheet  type:  water  with  gold  in  solution  traveled  along  bedding  planes  until 
the  precious  metal  was  precipitated  by  ferrous  compounds.  Many  of  the 
illustrations  in  this  volume  will  be  appreciated  by  those  who  delight  in 
grandly  wild  scenery.  H.  H. 

Maryland  Geological  Survey.     Vol.  VI.     572  pp.,  51  pis.,  19  figs., 
map.     Baltimore,  1906. 

Part  I  of  this  report  contains  a  complete  summary  of  the  physical  feat- 
ures of  Maryland,  describing  the  physiography,  geology,  mineral  resources, 
soils,  climate,  hydrography,  terrestrial  magnetism,  and  forestry  of  the 
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state,  together  with  six  plates  illustrating  characteristic  fossils  of  the  various 
formations.  A  new  and  well-executed  geological  and  soil  map  of  the  state 
is  also  included.  Part  II  gives  an  account  of  the  exhibits  made  by  the 
Survey  at  recent  expositions.  The  remaining  half  of  the  volume  comprises 
reports  on  hi^ways  and  highway  construction,  and  an  historical  account 
of  the  counties  and  election  districts.  H.  H. 


Cangris  giologique  itUerncUional.  Compte  rendu  de  la  dixifeme  session, 
Mexico,  1906.  Imprenta  y  fototipia  de  la  Secretaria  de  Foment©, 
Mexico,  1907. 
The  report  of  this  session  is  in  two  large  volumes,  containing  1,350 
pages  and  52  plates.  Besides  the  lists  of  members,  minutes  of  the  meetings, 
accoimts  of  the  excursions  taken,  etc.,  46  papers  communicated  to  the 
Congress  are  printed  in  full.  The  chief  topics  discussed  are  those  relating 
to  earthquake  and  volcanic  phenomena  and  to  geological  climates.  Those 
relating  to  the  latter  subject  are:  "Interglacial  Periods  in  Canada,"  by 
A.  P.  Coleman;  "Glaciation  in  Lower  Cambrian  Time"  and  "Conditions 
of  Climate  at  Different  Geological  Epochs,"  by  T.  W.  E.  David;  "Ueber 
die  Klima-Aenderungen  der  geologischen  Vergangenheit,"  by  F.  Freeh; 
"Climatic  Variations,"  by  J.  W.  Gregory;  "The  Causes  of  the  Glacial 
Epoch,"  by  E.  W.  Hilgard;  "Le  climate  de  TAfrique  du  Nord  pendant  le 
Pliocene  sup^eiu:  et  le  Pleistocene,"  by  L.  de  Lamothe;  and  "Climats  des 
temps  g^logiques,"  by  M.  Hanson.  Among  the  papers  on  ore  deposits 
may  be  mentioned:  "Ore  Deposits  at  the  Contacts  of  Intrusive  Rocks  and 
Limestones,"  by  J.  F.  Kemp;  "The  Relation  of  Ore-Deposition  to  Physical 
Conditions,"  by  W.  Lindgren;  and  "Some  Relations  of  Paleogeography 
to  Ore  Deposition,"  by  H.  F.  Bain.  H.  H. 


Waler  Resources  of  the  East  St.  Louis  District.    By  Isaiah  Bowman 

AND  Chester  A.  Reeds.    Illinois  State   Geological  Survey, 

Bulletin  No.  5.    Urbana,  1907. 

This  publication  of  the  yoimg  and  vigorous  Illinois  Geological  Survey 

will  prove  of  great  value  to  the  numerous  manufacturing  interests  of  a 

district  which,  though  in  close  proximity  to  the  Mississippi  River,  has 

always  found  the  problem  of  an  adequate  water  supply  a  difficult  one. 

H.  H. 
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THE  RED  BEDS  OF  NORTHERN  COLORADO' 


JUNIUS  HENDERSON 
University  of  Colorado,  Boulder,  Colo. 


The  perennial  problem  of  the  age  of  the  so-called  Red  Beds  of 
Colorado  received  some  attention  from  the  State  Geological  Survey 
during  the  field  season  of  1907,  and  owing  to  the  uncertainty  as  to 
when  the  results  may  be  published  by  the  survey,  it  is  deemed  best  at 
this  time  to  give  to  the  public  a  brief  statement  of  the  important  facts. 
These  beds  were  designated  Jura-Trias  by  the  early  surveys,  chiefly 
on  accoimt  of  lithologic  resemblances  to  formations  found  elsewhere. 
Since  it  became  evident  that  at  least  the  lower  portion  in  many  places 
is  much  earlier,  the  term  Red  Beds  has  come  into  general  use.  Our 
work  on  these  formations  in  1907  was  confined  to  the  foothill  region 
north  of  Boulder.  At  the  northern  boundary  of  Colorado  we  found 
a  chert  concretion  zone  containing  Spirijer  centroncUtis  Winchcll, 
Cranaena  subeUipHca  var.  hardingensis  Girty,  and  Spirijerina  solidi- 
rostris  White,  a  fauna  which  is  considered  Mississippian  and  is  found 
on  the  east  side  of  the  Front  Range  at  Canyon  City  and  elsewhere. 
The  first-named  species  and  others  of  like  age  were  long  ago  reported 
from  that  region,  but  the  record  had  little  value  because  the  position 
in  the  formation  was  not  given.  We  traced  the  chert  zone  for  eight 
or  nine  miles  southward,  finding  it  everywhere  within  a  few  feet  of 
the  contact  of  the  conglomerate  with  the  granite  and  uniformly  con- 
taining fossils,  but  foimd  none  farther  south.  The  coarse  sandstone 
and  conglomerate  series  in  which  this  fossiliferous  zone  occurs  appears 

s  By  permission  of  the  State  Geologist  of  Colorado. 
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to  be  stratigraphically  contmuous  with  the  Fountain  formation  in  the 
Boulder  District  as  defined  by  Dr,  Fenneman/  who  correJates  it  with 
the  Fountain  of  the  Colorado  Springs  region*  We  have  traced  the 
formation  in  the  field  the  entire  distance  from  the  Wyoming  line  to 
Boulder  and  find  no  reason  to  doubt  that  the  hori^n  containiBg 
the  chert  fossils  is  the  equivalent  of  the  base  of  the  Fountain  as  repre- 
sented at  Boulder,  or  possibly  even  much  higher  than  the  base  as  it 
occurs  immediately  north  of  Boulder,  where  the  formation  is  much 
thicker  than  near  the  Wyoming  line* 

In  limestones  at  a  much  higher  horizon  we  found  a  Peuns^'lvaniaii 
fauna  (tentatively  considered  older  than  Kiiight* s  so-called  '*  Permian*' 
of  Wyoming),  consisting  of  Froduc4us  car  a  D'Orb.,  P-  nebrascensis 
Owen,  Spirifer  rockymoniana  Marcou,  Sgtmmidana  perpiexa  McCh,, 
Derbya  n.  sp.  ?,  Phillipsm  aff,  major  Shumard,  Myalina  swaUowi 
McCh.,  abundant  crinoid  stems  and  others.  These  limestones  were 
said  by  Darton"  to  pass  into  the  Fountain  conglomerates  in  traveling 
southward.  Of  this  we  are  by  no  means  certain  without  further 
investigation,  but  they  seem  certainly  to  belong  at  the  very  top  of 
the  Fountain  or  base  of  the  overlying  Lyons  formation  of  Fenneman's 
bulletin.  These  limestones  nearly  disappear  at  the  Cache  la  Poudrej 
and  a  little  work  just  north  of  that  stream  is  necessary  to  determine 
their  exact  position.  We  have  traced  the  contact  of  the  Fountain 
and  Lyons  all  the  way  from  the  northern  line  of  the  state  to  Boulder 
except  two  or  three  miles  between  the  Cache  la  Poudre  and  Owl 
Canyon,  and  believe  the  Ten  Sleep  sandstone  of  Barton's  paper  to  be 
the  stratigraphic  equivalent  of  Fenneman's  Lyons. 

It  seems  very  clear  that  all  of  the  Fountain  sandstones  and  con- 
glomerates of  northern  Colorado  are  Carboniferous,  the  base  being 
probably  Mississippian  (certainly  so  in  the  northern  portion  of  the 
field)  and  the  upper  portion  possibly  as  late  as  Pennsylvanian.  It 
also  seems  likely  that  the  Lyons  is  Pennsylvanian. 

The  fossils  were,  through  the  kindness  of  Dr.  T.  W.  Stanton,  of  the 
United  States  Geological  Survey,  submitted  to  Dr.  G.  H.  Girty,  whose 
determinations  arc  followed  in  this  paper. 

I  N.  M.  Fenneman,  Geology  oj  Oie  Boulder  District,  Colorado,  U.  S.  Geol.  Sur., 
Bull.  No.  265,  1905. 

a  N.  H.  Darton,  Geology  and  Underground  Water  Resources  of  the  Central  Great 
Plains,  U.  S.  Geol.  Sur.,  Professional  Paper  No.  32,  1905. 
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Glacial  drift  in  the  vicinity  of  St.  Louis  seems  to  have  been  described 
first  by  Professor  A.  H.  Worthen,  in  1866."  In  1890,  Professor  G. 
Frederick  Wright*  reported  glacial  drift  in  the  following  localities 
within  the  dty  limits:  (i)  Near  Forest  Park,  on  the  road  to  Ferguson, 
beneath  20  feet  of  loess  was  a  bed  of  gravel  2  or  3  feet  thick,  which 
contained  granite  and  other  pebbles  two  to  three  inches  in  diameter, 
some  finely  striated;  (2)  at  Hyde  Park  a  similar  section  was  seen; 
(3)  in  the  vicinity  of  Shaw's  Garden.  Loess  had  been  removed  for 
brick  making,  uncovering  extensively  a  gravelly  stratum  which  con- 
tained many  granite  pebbles.  Striae  were  found  on  angular  limestone 
fragments.    The  elevation  was  150  feet  above  the  Mississippi  River. 

H.  A.  Wheeler,  in  a  paper  "On  Glacial  Drift  in  St.  Louis,"  in 
1895,^  reported  blue  glacial  clay  or  till  12  feet  thick,  at  West  Pine 
Boulevard  and  Taylor  Avenue,  extending  westward  to  Euclid,  under- 
neath 10  to  15  feet  of  loess.  The  diameter  of  the  bowlders  is  said 
not  to  exceed  one  foot.  Among  the  erratics  reported  were  red  and 
gray  granite,  diorite,  dolerite,  and  quartz-porphyry. 

In  1896  James  E.  Todd^  described  bowlder  clay  in  St.  Louis.  His 
section  may  still  be  seen  on  Laclede  Ave.  near  Sarah  St.  The  till  is 
8  feet  thick,  "  a  reddish  brown  or  a  waxy  red  clay,"  containing  granite 
and  other  foreign  pebbles.    The  overlying  loess  is  16  feet  thick. 

Frank  Leverett,  in  his  monograph  on  the  Illinois  Glacial  Lobe,^ 
reported  deposits  of  glacial  derivation  imderlying  the  loess  for  a  few 

«  A.  H.  Worthen,  Geology  of  Illinois,  Vol.  I,  p.  314,  1866. 

«  G.  F.  Wright,  "The  Glacial  Boundary  in  Western  Pennsylvania,  Ohio,  Ken- 
tucky, Indiana,  and  Illinois,"  Bulletin  j8,  U.  S.  Geological  Survey,  p.  72,  1890. 

3  H.  A.  Wheeler,  "On  Glacial  Drift  in  St.  Louis,"  Transactions  of  the  St.  Louis 
Academy  of  Science,  Vol.  VII,  pp.  121,  122,  1895. 

4  J.  E.  Todd,  Missouri  Geological  Survey,  Vol.  X,  pp.  162,  163,  1896. 

5  F.  Leverett,  The  Illinois  Glacial  Lobe,  Monograph  XXXVIII,  pp.  64,  71,  1899. 
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miles  back  from  the  Mississippi  River  in  northern  St.  Louis  County. 
WTiile  he  recognized  the  glacial  nature  of  the  de|x>sits,  he  favoretl  \k 


Vie.  I. — Exposure  of  loess  antl  underlying  till  on  the  south  side  of  thi-  quarrv  at 
Grand  Ave.  and  Ruiger  Si.  i,  .Si.  Louis  limestone,  much  decayed  at  the  top;  2, 
bowlder  clay;  3,  loess. 

idea  that  they  were  water-laid,  basing  his  opinion  on  the  water-worn 
appearance  of  the  pebbles  and  cobbles,  and  the  presence  of  pebbles 
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which  had  evidently  come  from  outcrops  in  Calhoun  and  Lincoln 
counties,  a  few  miles  up  the  valley.  ''  It  remains  an  open  question 
whether  the  ice  sheet  reached  into  northern  St.  Louis  County  from 
the  Sliiiob  sde  of  the  river." 

So  far  as  the  writer  knows,  the  foregoing  is  the  sum  total  of  reported 
investigation  of  a  glacial  drift  under  the  St.  Louis  loess.  It  is  the 
purpose  of  this  paper  to  present  addittonal  evidence  of  a  true  drift 
in  the  abo\'e- mentioned  region. 


I         Fig.  3. — Pebbles  from  tbe  txi wider  clay  at  St.  Loids.     -4  and  S,  f|Uartzite:  C  and 
A  gWWMtone;  E,  chert.    Reduced  to  less  than  three-eighths  natural  size. 


.  At' file  quarry  near  Grand  Ave.  and  Rutger  St.  may  be  seen  a 
aectidn  of  tili. resembling  the  material  described  by  Todd.  On  the 
ioutfa  ade  of  the  quarry  the  drift  sheet  is  4  feet  thick,  and  lies  on  the 
deepiy  decayed  St.  Louis  limestone.  On  the  west  side  of  the  quarry 
the  till  is  from  2  to  3  feet  thick.  The  overlying  loess  has  a  thickness 
of  from  12  to  17  feet.  In  places  the  contact  between  the  loess  and 
the  clay  is  sharply  defined  (see  Fig.  i).  This  clay  differs  from  the 
loess  in  color,  texture,  and  composition.  It  is  red  rather  than  buff 
colored,  compact,  and  very  sticky  when  moist.    The  upper  portion 
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of  it  has  a  sheet  of  small  water-worn  pebbles.  Occasional  subangukr 
and  planed  bowlders  are  found  in  the  clay  beneath  the  pebbly  sheet. 
The  largest  pebble  found  in  this  section  by  the  writer  is  a  chert  shown 
in  Fig.  2,  E.    Its  dimensions  are  13  by  10  by  8  centimeters. 

On  Meramec  St.,  north  of  the  Workhouse  quarry',  there  is  an  out- 
crop of  till  on  the  south  and  east  faces  of  the  bluEF,  The  deposit  lies 
on  the  St,  Louis  limestone,  and  beneath  loess  20  to  25  feet  thick.  The 
line  of  contact  betw^een  loess  and  till  is  a  sharp  one.    With  the  possible 


Fig.  3. — Pebbles  from   the   bowlder  clay  of  St.  Louis.     A,  ferruginous  chert; 
Bf  felsite;   C,  sandstone.     Reduced  to  about  one-fourth  natural  size. 

exception  of  Wheeler^s  section  at  West  Pine  Boulevard  and  Taylor 
Ave.,  the  material  at  Meramec  St.  is  more  pebbly  and  bowldery  than 
any  till  heretofore  described  as  lying  beneath  the  St.  Louis  loess. 
The  sheet  in  the  Meramec  St.  section  is  2  to  3  feet  thick,  and  contains 
bowlders  a  foot  in  diameter.  Bowlders  from  8  to  12  inches  are  quite 
numerous.  Some  of  them  show  both  planed  and  polished  surfaces. 
Several  bowlders  of  granite,  including  a  biotite  granite  of  medium 
texture  and  others  of  a  coarse,  pegmatitic  nature,  have  been  found 
here.  They  not  infrequently  show  planing,  but  are  always  much 
weathered  inside. 
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Several  pebbles  of  characteristic  subangular  shape  and  of  a  compo- 
sition which  shows  them  to  be  erratics  are  shown  in  Figs.  2  and  3. 
Fig.  3,  il,  is  a  ferruginous  chert.  It  bears  a  resemblance  to  pebbles 
in  a  conglomerate  at  the  base  of  the  Sioux  quartzite  of  southern  Min- 
nesota and  northern  Iowa.  Cherts  of  this  sort  are  also  found,  however, 
in  the  Mesabi  and  Penokee  iron  ranges  of  northern  Michigan.  Fig. 
3,  £,  is  a  planed  and  polished  pebble  of  dark-blue  felsite  which  con- 
tains phenocrysts  of  feldspar  and  quartz.  Fig.  3,  C,  is  a  sandstone 
with  hematite  cement,  approaching  a  quartzite.  In  Fig.  2,  A  and  B 
are  quartzite  resembling  that  at  Sioux  Falls,  la.;  C  and  Z>  are  mediiun- 
grained  greenstone,  planed  on  three  faces.  Pebbles  and  bowlders 
representing  the  following  rocks  are  f oimd  in  this  section :  coarse  sand- 
sfeme,  altnost  a  quartzite,  with  silica  and  limonite  cement;  sandstone 
with  hanatite  cement;  quartzite;  vein  quartz;  quartz  porphyry; 
feUtei;  greenstone;  biotite  granite;  pegmatite.  While  all  these 
varieties  might  have  come  either  from  the  southern  Minnesota  district 
or  the  Lake  Supdior  district,  it  seems  rather  probable  that  the  drift 
came  bam  the  former  direction.  This  district  is  nearer  than  that 
of  nortiheni  lifichigan;  and  a  southward  direction  of  transportation 
would  agree  with  Leverett's  observations  of  pebbles  from  Calhoun 
and  linooln  counties. 

From  Meramec  St.  southward  for  several  blocks  exposures  of 
bowlder  clay  of  varying  thickness  may  be  seen.  Near  the  Hoflfman- 
Hogan  quarry  is  an  outcrop  resembling  the  one  at  Grand  Ave.  and 
Rutger  St.,  described  in  this  paper.  Rhyolite,  granite,  and  diabase 
pebbles  have  been  found  by  the  writer  in  these  exposures. 

While  it  is  possible  that  in  certain  places  the  thin  sheet  of  gravelly 
material  under  the  St.  Louis  loess  is  glacial  gravel,  as  described  by 
some  authors,  rather  than  till,  the  sections  described  in  this  paper 
are  without  doubt  true  bowlder  clay.  The  variety  in  composition  of 
the  pebbles  and  bowlders  indicates  collection  from  distant  and  scattered 
sources,  and  transportation  by  an  ice  sheet.  The  presence  of  many 
subangular  pebbles  with  smooth  and  planed  sides,  associated  with 
pebbles  of  less  characteristic  shapes,  the  heterogeneous  mixtiu-e  of 
bowlders,  pebbles,  and  fine  clay,  and  the  compactness  and  general 
consistency  of  this  clay,  are  all  indicative  of  till  rather  than  of  a  water- 
made  deposit.    This  sheet  of  drift  has  been  observed  by  the  writer 
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in  the  northwest,  central,  and  southeast  portions  of  the  dty.  Con- 
sidering these  sections  and  those  previously  described,  it  seems  that 
the  sheet  underlying  the  St.  Louis  loess  b  true  glacial  drift  It  seems 
not  unlikely  that  in  other  places  as  well  as  here  the  old  drift  sheets 
beneath  the  loess  extend  farther  south  than  they  have  heretofore  been 
fully  recognized 
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BRIEF  DESCRIPTION 

Aso-san  is  a  volcano  in  the  center  of  Kiiishiu,  Japan,  within 
twenty-nine  miles  of  the  western,  and  forty-five  miles  of  the  eastern, 
coast  of  the  island.  It  consists  of  a  huge  moimd-shaped  cone  on  the 
summit  of  which  is  sunk  an  oval  bowl  measuring  about  ten  miles  in 
width,  fourteen  miles  in  length,  and  i,ooo  to  2,000  feet  in  depth,  the 
bottom  being  some  1,500  feet  above  sea-level.  Within  this  bowl  a 
range  of  mountains,  attaining  an  altitude  above  sea  of  5,600  feet  and 
overtopping  the  rim  more  than  2,000  feet,  nms  from  east  to  west  across 
its  short  diameter  and  divides  it  into  2  crescent-shaped  basins.  On 
the  simunit  of  this  dividing  range  is  a  low  modem  cone  with  active 

X  Read  before  the  Geological  Society  of  Washington,  January,  1907. 
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AaKsan.  John 
a  haitT  visit  to  it  and  pubKdied  &  nar^ 
nd'^  and  d^scripciTe  artide  la  the  F^fuLzr  Sciemc^  RrviewJ  He 
has  also  cfi-yusacd  the  histotr  ol  the  enzpuoia:^  of  the  new  crater 
and  noted  otb^  featiiit:^  ol  the  Tolcaoo  in  lh^  Tnimaciimts  aj  ik 
Seiamd^gk^  Sociay  a/  JapimJ  AsD-saa  is  briefly  described  by 
Edmund  Xaiunann  in  his  paper  "  Ueber  den  Bau  iind  die  Entstehung 
der  japaniichen  Lnseln/'^  and  there  is  an  article  in  Japanese  on  the 
subject  in  the  Tokio  Jcturruil  0;  Gtography,  written  by  T.  Dd.^ 

No  detailed  maps  are  available  upon  which  to  base  statements 
regarding  .Aso.  The  altitudes  and  other  measurements  here  given 
are  approximate  but  are  based  on  careful  estimates,  on  barometric 
measurements,  and  on  general  maps  of  Kiushiu.     The  accompany- 

»  In  company  \sith  my  brother,  Malcolm  -\nderson,  and  friend,  Kiyoshi  Kanai, 
to  both  of  whom  I  am  indebted  for  photographs  and  information, 
a  New  Series,  Vol.  IV,  No.  i6,  Oaobcr,  iSSo. 

3  Vol.  IX,  Pt.  II,  1886. 

4  Bedin,  R.  Friedlander  &  Sohn,  1885. 

5  Published  by  the  Tokio  Geog.  Soc.;  Vol.  XIII,  No.  149,  April,  1901. 
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ing  diagram  is  largely  from  memory  and  is  intended  merely  to  convey 
a  general  idea  of  the  caldera. 

GEOLOGY  OP  KIUSHIU 

The  island  Kiushiu,  which  covers  about  17,000  square  miles,  has  a 
foundation  of  rocks  of  Paleozoic  age  and  possibly  some  belonging  to 
the  Archaean.  These  are  largely  sedimentary,  and  frequently  meta- 
morphic;  but  associated  with  them  are  many  varieties  of  igneous 
rocks.    Less  altered  strata  of  supposed  Mesozoic  age,  but  possibly 


^^J^ 

^^^^^^B^^^^ 

, 

?^t-  ■  ■ 

\  *  >♦        •■'^ 

|k  FlO.  z. — Sakura-jima,  an  andesitic  cone  of  medium  slope,  in  the  bay  of  Kagoshima 
at  the  southern  end  of  Kiushiu.  Its  last  eruption  was  in  1779.  Its  altitude  is  3,850 
feet. 

in  part  representative  of  the  early  Tertiary,  overlie  these  extensively; 
and  fossiliferous,  much-disturbed  Tertiary  formations  occur  in 
numerous  relatively  small  detached  basins.  Over  these  basement 
rocks  a  superstructure  of  eruptives  has  been  built  up  during  the 
Quaternary,  having  probably  been  begun  before  the  close  of  Tertiary 
time.  About  one-half  of  the  island  is  now  covered  by  these  volcanic 
rocks.  In  some  places  the  covering  has  the  nature  of  a  thin  layer 
of  ash  or  volcanic  mud  or  lava  over  the  old  surface,  whereas  in  others 
it  has  a  great  thickness.    The  whole  of  the  north-central  part  of  the 
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island  and  much  of  the  southern  part  is  volcanic.  The  Japanese 
gedogista  count  twenty  volcanoes  in  Kiushiu,  including  two  that 
form  small  islands  near  the  coast  on  the  south.  The  period  of 
volcanic  construction  extends  into  the  present — eight  of  the  twenty 
volcanoes  being  still  living — but  the  general  activity  seems  to  be  on 
the  decline.  The  volcanic  forces  must  have  reached  their  climax 
sometime  during  the  middle  Quaternary,  to  judge  from  the  amount 
of  erosion  that  has  taken  place  since  the  greatest  outpourings  occurred; 
and  it  is  probably  from  this  period  that  the  long  since  extinct  crater  of 
Aso  dales.  In  its  prime  Aso  doubtless  held  a  position  of  pre-eminence 
among  the  volcanoes  and  mountains  of  Kiushiu,  as  is  indicated  by  the 
extent  of  territory  that  is  covered  by  material  derived  from  its  crup- 
dons,  and  by  the  grandeur  of  the  scale  upon  which  the  crater  was 
built  and  the  probability  that  a  cone  formerly  rose  to  a  great  height 
above  it.  Its  present  peaks  are  surpassed  by  a  few  others  in  the 
island,  the  highest  of  which  is  the  non-volcanic  mountain  Sobo-san, 
6,600  feet  in  altitude. 

APPROACH  TO  THE  CALDERA 

Aso-san  may  be  most  easily  reached  from  Kumamoto,  a  city 
atuated  on  the  coastal  plain  near  the  western  coast  of  Kiushiu.  From 
there  a  road  runs  up  into  the  mountains  and  down  into  the  caldcra, 
which  is  about  twenty  miles  away.  The  volcano  does  not  form  a 
prominent  cone  as  seen  from  this  side  and  appears  merely  as  a  high 
portion  of  the  mountain  mass  that  occupies  the  island's  interior.  The 
caldcra  becomes  apparent  only  on  an  approach  to  its  very  edge,  or 
from  the  sununit  of  one  of  the  high  mountains  within  a  score  of  miles 
of  Aso.  From  such  a  summit  one  looks  down  upon  it  and  obtains  an 
impresdve  view  of  the  huge  bowl  and  the  high  volcanic  peaks  that 
spring  from  within  it. 

THE   FLOOR 

Viewed  broadly,  the  floors  of  the  two  basins  into  which  the  caldcra 
is  divided  are  level  plains  lying  at  the  same  elevation.  They  slope 
gently  upward  from  west  to  east.  On  the  east  they  break  into  low 
sweeping  ridges  and  knolls  that  rise  gradually  and  merge  with  the 
wall  and  central  range,  which  are  there  convergent.  (See  Fig.  3). 
Throughout  the  centra   portion  of  each  of  the  two  basins  the  floor 
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except  for  gentle  undulations, 
is  almost  level  and  has  an 
average  elevation  of  about 
1,500  feet.  On  the  inner  side 
of  each  it  sbpes  gently  up  to 
the  central  range,  and  on  the 
outer  ^de  to  the  wall.  Each 
half  of  the  caldera  is  traversed 
by  a  stream  that  follows  a  shal- 
low curving  coiu^  from  east 
to  west.  The  stream  in  the 
southern  basin  is  called  "Shir- 
akawa"  {kawa  or  gawa  means 
river) ;  that  in  the  nortbeniy  the 
''Kurogawa."  The  usually 
dry,  branching,  tributaiy  run- 
nels in  the  ui^)er  ooune  of  Ae 
former  are  shown  in  the  middle 
foreground  of  Fig.  3.  The 
Kurogawa  carries  considerably 
more  water  than  the  former 
and  is  worthy  to  be  called  a 
small  river.  (See  Fig.  5.) 
These  streams  unite  around 
the  western  end  of  the  central 
range,  which  just  fails  to  reach 
the  wall  there,  and  flow  out 
through  a  canyon  or  barranco. 
The  single  stream  thus  formed, 
called  the  Shirakawa,  runs 
westward  down  the  mountains 
and  across  the  Kumamoto 
plain  to  the  sea.  The  point  of 
outlet  is  at  an  elevation  of 
about  1,000  feet  above  the 
sea,  and  on  approaching  it 
the  streams  leave  their  gentle 
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course  over  the  comparatively  flat  plain  and  tumble  down  to 
their  junction  at  the  outlet  with  gradients  of  4  to  8  per  cent. 
or  more.  The  northern  one  makes  the  descent  the  more  rapidly. 
The  southern  one  on  leaving  the  upper  level  of  the  floor  drops  over  a 
picturesque  waterfall. 

The  northern  basin  appears  to  be  larger  and  rounder  than  the 
southern  one  and  its  floor  is  even  more  level.    Small  parts  of  it  were 


Fig.  4. — A  portion  of  the  ring  wall,  looking  southwest  across  the  cultivated  floor 
of  the  southern  basin.  The  wall  in  this  portion  is  considerably  worn.  The  town  of 
Takamori  shows  in  the  distance  on  the  left.     Photo  by  Malcolm  Anderson. 

flooded  or  marshy  during  April,  1905.  Several  small  isolated  and 
fairly  steep  hills  rise  out  of  the  northern  basin.  They  were  not 
observed  closely  but  looked  as  if  they  were  composed  of  the  same 
material  as  the  wall. 

The  surface  deposits  of  the  floor  appear  to  be  chiefly  fine  sandy 
material  and  coarse  yellow  sand  and  gravel  in  horizontal  layers, 
covered  with  black,  slightly  sandy  soil.    The  deposits  were  probably 


5o6  ROBERT  ANDERSON 

formed  by  a  mingling  of  the  products  of  eruptions  and  erosion.  The 
low  slopes  and  hillocks  where  the  plain  rises  into  the  wall  are,  as  far 
as  observed,  composed  of  lava  both  vesicular  and  compact,  and  it  is 
most  likely  that  the  floor  within  no  great  depth  below  the  surface  is 
composed  of  the  same  material. 

The  floor  of  the  caldera  is  everywhere  cultivated,  and  supports 
a  population  that  may  be  roughly  estintiated  as  amounting  to  at  least 
5,000  people.  Many  villages  and  groups  of  dwellings  are  scattered 
over  the  plain,  and  dusters  of  trees  stand  here  and  there.  The 
whole  scene  is  a  remarkable  one,  being  especially  brilliant  when 
the  spring  crops,  which  consist  chiefly  of  green  wheat  and  mustard 
with  yellow  flowers  are  maturing.  There  is  a  legend  that  the  moun- 
tain-girt bowl  of  Aso  was  once  occupied  by  a  lake,  until  the  god  of  the 
moMntain  kicked  a  hole  in  the  wall  where  the  present  outlet  b  and 
allowed  the  water  to  flow  out.  There  may  have  been  in  former  times 
flooded  areas  of  more  wide  extent  than  those  noted  above,  but  it  docs 
not  sc'em  probable  that  a  real  lake  ever  occupied  the  caldera. 

THE  WALL 

The  caldera  has  an  oval  shape  and  its  rim  forms  a  smooth  sweeping 
curve  around  the  whole  circumference,  broken  only  at  the  deft  on  the 
west  where  the  streams  pass  out,  and  on  the  east  where  the  wall  is 
joined  by  tlie  descending  slope  forming  the  extremity  of  the  central 
range.  The  curvature  of  the  wall  is  so  slight  that  it  appears  at  a 
glance  like  the  face  of  a  straight  mountain  range.  On  the  basis  of  a 
rough  estimate  it  may  be  said  that  the  average  slope  from  the  floor 
to  the  top  of  the  wall  would  nowhere  exceed  25  or  30®,  although 
rocky  almost  vertical  precipices  occur  at  points  on  its  face.  The 
wall  is  furrowed  by  gulches  that  have  in  places  eaten  back  to  the 
summit  and  notched  the  skyline  of  the  rim.  In  general,  however,  its 
top  is  fairly  even.  Between  the  gulches  sharp  ridges  nm  out  into  the 
floor.  The  wall  varies  in  appearance  from  point  to  point,  and  the 
ridges  and  prominences  on  its  face  have  a  variety  of  picturesque 
shapes.  The  wall  of  the  southern  basin,  exposed  to  the  north,  is 
much  more  worn  than  that  of  the  northern  one.  Forms  resembling 
the  remains  of  terraces  appear  in  places.  The  lower  portion  of  the 
wall  has  a  gentle  slope,  and  at  some  places  is  deeply  soil-covered 
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and  supports  a  fine  grove  of  trees.  The  higher  portion  is  precipi- 
tous and  exposes  best  the  material  of  which  it  is  made.  It  is  formed 
of  roughly  bedded  flows  of  basaltic  andesite,  interbedded  and  inter- 
mingled with  mixtures  of  vesicular  lava,  scoriae,  pumice,  and  volcanic 
sand.  The  lava  predominates,  and  the  harder  layers  project  with 
vertical  rocky  faces,  while  between  them  softer  zones  have  weathered 
way  into  d^ris  slopes.  The  height  of  the  wall  is  on  the  average 
about  1,300  to  1,500  feet.  It  decreases  toward  the  eastern  side 
owing  to  the  gradual  rise  of  the  floor  in  that  direction,  but  increases 
at  some  points,  as  on  the  southwest  and  west  sides,  where  mountains 
break  the  regularity  of  the  horizon  line. 

The  only  opening  in  the  ring  wall  is  the  barranco  on  tbe  Miteni 
side  through  which  the  streams  have  their  outlet.  Cliffs  of  roughly 
colunuiar  lava  form  the  sides  of  this  gorge  up  to  a  height  of  several 
hundred  feet  and  are  continued  upward  by  densely  wooded  slopes 
that  rise  over  1,500  feet  above  the  stream  bed.  The  span  of  the 
canyon  where  it  begins  to  widen  out  above  the  cliffs  is  less  than  haJi 
a  mile. 

Probably  the  next  lowest  point  upon  the  rim  is  at  a  point  three 
miles  north  of  the  outlet,  where  the  "  Futaetoge"  {toge  means  ''paas'Oi 
which  has  an  elevation  of  about  2,500  feet  above  the  sea,  is  less  than 
1,000  feet  above  the  caldera  floor.  Another  stream  running  down 
the  outer  slope  to  the  sea  heads  at  this  low  point.  The  highest  portion 
of  the  watershed  on  the  rim  is  on  Tawara-yama  and  Kamuri-dake, 
two  mountains  {hat  form  the  wall  at  the  western  end  of  the  southern 
basin.  They  rise  2,000  to  2,700  above  the  floor  of  the  caldera.  The 
former  is  between  two  and  three  miles  south  of  the  outlet  of  the 
streams,  the  latter  four  miles  or  more.  The  simamit  of  each  and  the 
high  ridge  connecting  them  is  about  two  miles  back  from  the  floor. 

THE  CENTRAL  RANGE 

The  ridge  or  range  that  divides  the  caldera  is,  properly  speaking, 
Mount  Aso.  From  the  floor  on  the  south,  or  the  one  on  the  north,  it 
appears  as  a  massive  rugged  barrier  the  summit  of  which  is  roughened 
by  several  dominating  peaks.  (See  Figs.  3  and  5.)  Looking  up  at 
it  from  either  basin  one  would  never  imagine  the  existence  of  a  second 
and  almost  identical  pit  with  level  floor  and  encircling  outer  wall  at 
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its  base  on  the  opposite  side.  It  is  only  from  one  of  the  peaks  in  the 
range  or  from  a  distant  mountain  top  that  a  conception  of  the  whole 
as  a  imit  and  as  a  single  vast  caldera  may  be  obtained. 

There  are  three  main  peaks,  all  along  the  eastern  half  of  the  range. 
The  western  end  is  lower,  has  less  bold  outlines,  and  declines  gradually 
toward  the  west.  The  most  striking  of  the  peaks  in  the  range  is 
Neko-dake  at  the  very  eastern  end.     (The  word  dake  which  forms 


Fig.  6.-^Recent-looldng  lava  with  smooth  flow  structure,  high  on  the  south  side 
of  Naka-dake.  Looking  south  toward  the  southern  wall,  which  shows  dimly  far  across 
the  caldera. 


part  of  the  name  of  many  Japanese  mountains  means  "peak.")  Its 
slopes  have  the  graceful  curving  outlines  characteristic  of  volcanic 
cones  and  its  summit  is  serrated  with  pinnacles  of  lava.  Its  eastern 
flank  drops  down  and  ends  the  range  by  merging  with  the  outer  wall. 
There  is  no  sign  of  any  continuation  of  the  range  beyond  into  the 
outer  region,  it  being  distinctly  a  line  of  peaks  belonging  inside  of 
the  caldera.  The  slopes  of  Neko-dake  are  steep,  being  in  the  main 
25  to  30  degrees.     A  part  of  the  summit  is  easily  accessible,  but  the 
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highest  point  cannot  be  reached  as  it  is  an  isolated  monument  of 
andcsitic  lava  loo  feet  high  and  having  slopes  of  from  60  to  75  degrees 
on  its  sides. 

The  western  flank  of  Neko-dake  extends  down  most  of  the  way  to 
the  crater  floor,  forming  a  depression  in  the  central  ridge  2^000  to 
2,500  feet  deep,  so  that  the  peak  is  left  as  an  isolated  pyramid  with 
truncated,  broken  summit.  The  top  is  4,800  feet  above  the  kvel 
of  the  sea,  and  not  much  over  2,500  feet  above  the  highest  portion  of 
the  floor. 

Beyond  the  gap  just  mentioned  the  central  ridge  continiies  west- 
ward and  rises  immediately  into  Taka-dake,  the  highest  peak  of  all. 
It  has  an  elevation  of  5,600  feet,  and  rises  some  4,000  feet  above  the 
plain  at  its  base.  The  next  peak,  Naka-dake,  is  a  somewhat  bwer 
one,  on  the  southwest  flank  of  Taka-dake,  slightly  out  of  line  with  the 
general  east  and  west  summit  line  of  the  ridge.  Its  shape  is  somewhat 
like  that  of  a  half  dome,  and  it  presents  on  the  south  side  of  its  summit 
a  broken  precipice  of  black  lava. 

At  the  western  base  of  the  last  two  peaks  the  modem  crater  is 
situated,  at  an  altitude  of  about  4,000  feet  above  the  sea.  The  range 
declines  still  more  just  west  of  this,  forming  a  depression  in  its  central 
porti(.n.  ( See  left  of  Fig.  3  and  right  of  Fig.  5.)  This  depression  is  by 
no  means  as  low,  however,  as  the  one  between  Neko-dake  and  Taka- 
dake,  and  does  not  lend  to  break  the  continuity  of  the  range  as  that 
one  docs.  The  surface  of  the  range  here  is  a  wide  upland  covered 
with  curious  small  steep  mounds  of  volcanic  d^ris. 

The  nortli  and  south  flanks  of  the  range  sweep  down  with  con- 
cave slojK's  into  the  wide  level  floor.  They  are  furrowed  by  sharp 
ravines  and  interveninji;  ridges  that  gradually  lose  their  prominence 
among  the  gentler  sIojk^s  toward  the  base.  The  slopes  are  not 
usually  very  steep,  and  are  for  the  most  part  covered  with  soil  and 
long  grass.  They  afford  little  water,  and  are  uncultivated  and 
uninhabited. 

Basaltic  andesite  of  var}ing  compact,  cystalline  and  scoriaceous 
texture  is  the  chief  material  of  which  the  central  ridge  is  built  up.  In 
the  vicinity  of  the  higher  jx^aks  exposures  of  lava  are  very  prominent 
Over  the  lower,  more  gentle  slopes,  outcrops  are  infrequent.  Deposits 
of  ashes  and  pumice  are  scattered  far  and  wide. 
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THE  MODERN  CRATER 

The  cone  upon  which  the  modem  crater  of  Aso  is  situated  has  a 
slope  of  about  15  degrees  and  is  only  a  couple  of  hundred  feet  high. 


Flo.  7  — The  modem  TufiF  cone  on  the  summit  of  the  central  range,  after  a  rain; 
looking  northeast.  The  vapors  issue  from  the  northern  end  of  the  new  crater.  Young 
drainage  lines  are  forming  in  the  soft  mud  and  cinders.  In  the  foreground  is  a  temple 
to  the  god  Aso. 
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(See  Fig*  7*)  The  cone  is  largely  composed  of  fine-grained  gray  mud, 
which  on  drying  becomes  compacted  into  tuff.  It  is  irregularly 
interbedded  with  lava  and  coarse  fragmentary  matter.  This  modem 
center  of  the  activity  of  Aso  is  about  one  mile  nearer  the  eastern  than 
the  western  side  of  the  old  outer  crater,  but  its  position  is  roughly 
central  with  respect  to  the  whole  great  oval. 

The  new  crater  is  a  black,  ragged  pit,  constantly  roaring  and 
steaming.  (See  Figs.  8  and  9.)  It  has  sheer  walls  of  roughly  strati- 
fied mud,  the  layers  of  which  appear  to  dip  inward,  and  a  depth  of 
three  hundred  feet  or  more.  It  is  oblong  in  shape,  and  is  at  a  rough 
estimate  nine  hundred  feet  across  from  east  to  ^vest  and  two  thousand 
feet  long  from  north  to  south,  the  long  axis  being  in  the  same  direc- 
tion as  that  of  the  outer  crater.  Its  rim  is  very  uneven,  being  much 
higher  on  the  north  and  east  than  on  the  other  sides.  It  is  divided 
into  five  compartments  or  vents  arranged  along  the  long  axis,  each 
separated  from  the  next  by  a  steep  wall  of  mud  one  hundred  feet  or 
more  high.  The  t^vo  most  northerly  vents  are  the  deepest  and  the 
only  active  ones-  Occasionally  when  the  vapor  column  diminishes 
one  can  look  to  the  bottom  of  the  northern  vent  and  see  the  burning 
sulphur  that  plasters  the  bwer  walls  and  floor.  The  bottom  is  a 
round  flat  disk  of  cracked  mud  looking  like  the  dried  bottom  of  a 
pond,  and  there  is  no  appearance  of  a  hole  or  conduit  descending  to 
greater  depths.  The  one  next  south  of  it  is  deeper  and  pours  forth 
the  most  steam.  No  glimpse  of  its  bottom  could  be  obtained  by  the 
writer  from  any  point  upon  the  rim.  The  existence  of  activity  in  a 
decadent  stage  is  indicated  at  other  points,  all  in  the  western  haU.  of 
the  Aso  range,  by  jets  of  steam  and  hot  springs.     (See  Fig.  11.) 

DOUBLE  RIM   OF   THE  NEW  CRATER 

An  interesting  feature  of  the  modern  cone  is  a  small  ridge  of  mud 
that  circles  around  the  western  side  of  the  summit  at  a  distance  of 
about  one  hundred  feet  from  the  crater's  edge.  On  climbing  the 
cone  one  reaches  what  appears  to  be  the  summit  only  to  find  that 
one  must  descend  some  twenty  feet  into  a  moat  and  rise  again  a 
similar  amount  before  reaching  the  lip  of  the  crater.  The  moat  acts 
as  a  line  of  drainage  and  carries  the  rain  water  southward  along  the 
summit  of  the  cone,  parallel  with  its  long  axis,  to  an  outlet  down  the 
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mountains.  On  the  east  side  there  is  no  similar  moat  but  the  crater 
borders  the  cliffs  at  the  foot  of  the  peaks  Taka  and  Naka  and  is 
separated  from  them  by  a  stream  channel,  as  shown  in  Fig.  10.  A 
small  double  rim  and  moat  was  observed  by  the  writer  in  the  loose 
cinders  for  part  of  the  way  around  the  crater  at  the  summit  of  Vesuvius 
in  September,  1905. 


Fig.  8. — Looking  northeast  into  the  modem  crater  of  Aso,  showing  the  two  most 
northerly  vents  and  the  stratified  wall.  These  are  the  only  active  vents,  the  one  on  the 
right  being  more  active  and  deeper.     Photo  by  Malcolm  Anderson. 

HISTORY  OF  THE  NEW   CRATER 

Aso-san  has  been  in  continual  activity  during  the  historical  period. 
A  detailed  account  of  its  history  has  been  compiled  by  John  Milne 
from  interesting  contemporaneous  Japanese  records.' 

The  greatest  eruptions  of  very  recent  times  were  in  the  winter  of 
1873-74,  when  unusual  activity  continued  during  several  months 
and  ashes  covered  the  ground  to  a  distance  of  eighteen  miles;  in  the 
winter  of  1884  when  ashes  were  blown  over  Kiunamoto,  making  it 
30  dark  there  al  a  distance  of  twenty-five  miles  that  lamps  had  to  be 

«  Transactions  of  the  Seismological  Society  of  Japan,  Vol.  IX,  Pt.  II,  1886, 
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used  for  three  days;  in  1889  during  the  year  of  the  Kumamoto 
earthquake,  which  was  the  year  following  the  great  explosions  of 
Bandai-san  in  central  Japan;  and  lastly  in  1894,  when  the  floor  of 
the  modem  crater  was  somewhat  altered. 

THE   OUTER  SLOPES 

The  vast  open  bowl  of  Aso  occupies  the  summit  of  a  great  mound, 
the  flanks  of  which,  sloping  gently  away  from  the  top  of  the  interior 
wall,  form  a  rolling  hilly  upland  of  low  relief  among  the  mountains 
of  Kiushiu.  This  low  dome-shaped  mountain  taken  as  a  ^vfadle 
occupies  at  least  450  square  miles.  From  above,  the  outer  flfa^ 
appears  as  an  inclined  plateau  wTinkled  with  knolls  and  ridges  and 
little  valleys.  All  of  these  hillocks  are  of  similar  height,  and  destnic- 
tion  through  erosion  has  not  gone  far.  The  general  angle  of  dope 
away  from  the  edge  of  the  caldera  is  about  3  to  5**,  but  it  is  even 
less  than  this  in  places.  On  the  northwest  side  it  is  very  sli^t,  because 
the  flanks  of  the  mound,  which  reach  so  far  in  other  directumSy  tfaeie 
give  place  to  a  plateau  between  the  rim  and  the  not  far  distant  vol- 
canic mountains  Kura-take  and  Ona-take.  Within  five  to  tenmilesof 
the  rim  on  most  sides,  at  an  elevation  above  the  sea  about  the  same  as 
that  of  the  bottom  of  the  caldera,  the  outer  slopes  reach  the  foot  of 
high  mountains  that  almost  completely  encircle  the  upland,  much  as 
the  caldera  wall  surrounds  the  plain  formed  by  its  floor.  The  sur- 
rounding mountain  barrier  is  not  volcanic  on  the  east  and  south, 
where  ancient  sedimentary  and  igneous  rocks  form  Sobo-san  and 
other  prominent  peaks.  The  whole  volcanic  mass  of  Aso  and  of  the 
mountains  to  the  north  is  of  the  nature  of  a  filling  within  a  depression 
in  the  topography  of  the  older  formations.    • 

The  surface  material  of  the  outer  slopes  is  largely  fragmental 
debris.  At  a  few  places  where  it  was  observed  exposed  it  appeared  as 
massive  deposits  of  sandy  material,  or  as  soft  tuff,  or  as  agglomerate 
composed  of  coarser  fragments.  Some  of  the  hills  many  miles  from 
Aso  are  entirely  composed  of  fragmental  volcanic  deposits  of  this 
kind.  Lava  is  frequently  exposed  on  the  western  slope  down  to  the 
Kumamoto  plain;  and  in  the  upland  region  about  Aso,  toward  the 
foot  of  the  surrounding  mountains,  where  dissection  has  advanced 
farthest,   lava  is   much   in    e\ddence.     It   is   most   probable   that 
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lava    predominates   boieath   the  sariMx   ^nxyo^ioai    this    whole 
region. 

RADLVTING  LAVA  FLOWS 

Some  miles  to  the  south  and  east  of  Aso-san  the  surface  oovenng  of 
volcanic  ejectam^ita  whidi  has  fiDed  up  and  blotted  out  the  ancient 
features  of  the  landscape  in  this  portion  of  Kiushiu  ceases  to  be  a  sofid 
sheet,  and  the  underlying  (dder  fcnmations  come  to  fight.    But  be>x>nd 


Fig.  9. — Looking  down  into  the  northernmost  vent  of  the  modem  crater,  showing 
the  bottom  and  the  sharp  ridge  of  mud  on  the  right  between  this  and  the  next  \*ent. 
The  vapor  comes  chiefly  from  burning  sulphur.  Taken  from  the  rim  on  the  west  side. 
Photo  by  Malcohn  Anderson. 

the  line  of  contact,  lava  streams  continue  for  great  distances,  partly 
biurying  the  old  river  channek  that  radiate  away  from  the  region 
occupied  by  Aso-san,  this  region  being  the  source  of  most  of  the 
large  rivers  of  the  island.  Aso  has  evidently  been  the  center  of  the 
volcanic  activity  of  central  Kiushiu  and  the  source  of  supply  of  the 
erupted  material  mantling  the  region.  The  longest  of  the  lava  arms 
extends  down  the  Gokase-gawa  southeast  of  Aso,  and  was  followed 
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by  the  writer  to  its  termination  on  the  east  coast.  The  contact  of  the 
volcanic  sheet  and  the  older  rocks  in  that  direction  is  about  twenty 
miles  from  the  center  of  Aso,  beyond  which  the  lava  extends  down 
the  canyon  about  thirty  miles,  almost  to  the  sea.  The  width  of  the 
present  lava  filling  of  the  canyon  is  on  the  average  two  and  one-half 
to  three  miles,  and  the  depth  amounts  certainly  to  several  hundred 
feet.  Nearly  twenty-five  miles  away  bora  the  center  of  Aso  the 
Gokase  is  joined  by  another  large  canyon  from  the  north  that  issues 
from  mountains  in  the  Paleozoic  formation.  The  lava  flowed  up 
this  canyon  for  a  distance  of  at  least  eight  miles,  filling  its  bottom 
likewise  with  a  wide,  deep  stream.  The  source  of  the  lava  in  this 
branch  was  the  main  stream  that  occupied  the  Gokase  canyon.  It 
could  not  have  come  down  as  a  tributary  flow  because  no  volcanoes 
exist  anywhere  about. 

High  moimtains  formed  of  Paleo2X>ic  rocks  inclose  the  vaDey  of 
the  Gokase-gawa,  rising  steeply  above  the  fairly  flat  surface  of  the 
lava  filling.  In  the  center  of  this  the  river  has  cut  an  abnqxt  square 
canyon,  and  has  already  reached  a  depth  of  several  hundred  feet  with- 
out coming  to  the  level  of  its  old  course.  The  depth  of  the  channel 
is  at  least  three  hundred  feet  in  some  places  and  its  width  is  hardly 
more.  Its  sides  arc  clifTs  of  basalt-andesite,  usually  with  imperfect 
columnar  structure.  The  columns,  which  average  a  foot  or  more 
in  thickness,  are  sometimes  four-sided,  sometimes  five-sided,  the  ades 
and  angles  being  of  irregular  dimensions.  They  stand  in  the  main 
perpendicular,  but  locally  show  deflections  of  a  few  degrees  from  this 
attitude. 

CHARACTER  OF  THE  LAVA 

In  the  field  the  lava  of  the  interior  range,  the  ring  wall  and  the 
surrounding  region  appeared  to  be  the  same.  The  rock  is  inter- 
mediate between  andesite  and  basalt.  That  it  is  by  no  means  of  the 
most  basic  composition  is  indicated  by  the  angle  of  the  slopes  pre- 
sented in  the  interior  range,  and  by  the  fact  that  explosive  eruptions, 
with  the  ejection  of  abundant  ashes  and  scoriae,  have  taken  place  in 
association  with  efifusive  eruptions  throughout  the  history  of  the 
volcano.  On  the  other  hand,  the  recent-looking  flows  observable  on 
the  higher  portion  of  the  central  range  exhibit  a  smooth  flow  structure 
that  is  evidence  of  considerable  fluidity  and  a  prolonged  state  of  fusion. 
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Three  samples  of  lava  from  Aso  were  examined  by  Dr.  Albert 
Johamisen  of  the  U.  S.  Geological  Survey,  and  the  following  descrip- 
tion of  these  is  based  on  the  report  which  he  kindly  furnished.  Speci- 
men I  is  h)rpersthene-bearing  basalt  from  the  foot  of  the  wall  of  the 
caldera  near  the  town  of  Takamori  on  the  south-east  side.  It  is 
medium  gray  in  color,  compact,  and  highly  porphyritic.  The  pheno- 
crysts  are  about  55  to  60  per  cent,  labradorite,  about  10  per  cent. 


Fig.  10. — Stream  channel  on  the  east  side  of  the  modem  cone.  The  lip  of  the 
crater  is  inmiediately  on  the  right,  and  the  cliffs  at  the  foot  of  the  highest  Aso  peaks 
on  the  left.  The  fine  gray  mud  is  fast  eroded  by  rains.  Looking  south,  parallel  to  the 
long  axis  of  the  crater.    Photo  by  Malcolm  Anderson. 


augite,  and  the  rest  hypersthene,  magnetite,  and  olivine  in  decreas- 
ingly  lesser  amounts.  The  groundmass  is  made  up  of  plagioclase, 
augite,  and  magnetite,  with  possibly  a  little  glass.  Specimen  2  is 
basalt  from  the  same  locality.  It  is  mottled  black  and  white,  is  some- 
what vesicular,  highly  porphyritic,  and  strongly  resembles  specimen 
I,  especially  under  the  microscope.  The  phenocrysts  are  about 
80  per  cent,  labradorite,  15  per  cent,  augite,  and  the  rest  hornblende, 
magnetite,  and  olivine  in  decreasingly  smaller  amounts.    The  groimd- 
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mass  contains  plagioclase,  brown  glass,  magnetite,  augite,  and  possibly 
a  little  olivine.  Specimen  3  is  a  very  vesicular  fragment  of  h>T)ersthene 
andesite  blown  from  the  new  crater.  It  is  composed  of  phenocrj'sts 
— labradorite  and  hypersthene  in  a  groundmass  of  brown  glass.  Re- 
garding these  specimens  Doctor  Johannsen  says  as  follows:  "At 
best  the  amount  of  olivine  in  any  of  the  rocks  is  slight,  and  with  its 
absence  I  would  name  them  all  andeate." 

A  SUPPOSED  FORMER  MT.  ASO 

The  roughly  bedded  strata  in  the  walls  of  the  big  crater  seem  to 
dip  away  on  ail  sides  at  a  low  angle,  and  their  inclination  is  probably 
reflected  in  the  gentle  outer  slopes  that  form  the  sides  of  the  mouDd 
or  cone  of  Aso.  It  seems  likely  that  this  mound  is  the  basal  remnant 
of  a  conical  volcano  that  once  continued  upward  to  a  culminating  point 
high  above  the  center  of  what  is  now  the  crater  bowL 

If  such  a  mountain  existed  it  is  probable  that  its  upper  poitiaii  rose 
with  a  gradually  increasing  slope  into  a  summit  ome.  Jud|^ 
from  the  character  of  the  lava  and  the  analogy  afiforded  by  the  steiep 
sIoj)es  of  the  i)rcsent  interior  peaks  of  Aso,  which  seem  to  be  con- 
structed of  materials  similar  to  those  of  the  wall,  as  well  as  by  otHer 
volcanoes  of  Kiushiu  (see  Fig.  i),  which  are  mostly  bmlt  of  similar 
andcsilic  lava  and  lis  fragmental  products,  the  ancient  cone  may 
have  risen  in  its  upj)er  portion  even  as  steeply  as  20°  or  30**.  But 
assuming  that  it  rose  with  a  constant  slope  no  greater  than  now  in 
places  exhibited  in  the  base,  say  7°,  its  summit  would  have  been  over 
7,000  feet  in  altitude  above  the  sea.  If  it  steepened  above  it  may 
have  been  10,000  feet  or  much  more. 

The  amount  of  rock  material  that  must  have  been  removed  to 
cause  the  disappearance  of  the  whole  upper  portion  of  the  cone  and 
the  opening  of  a  wide  bowl  upon  its  site  may  be  roughly  estimated 
as  at  least  fifty-four  cubic  miles,  counting  the  volume  of  the  caldera  as 
twenty-five  cubic  miles — ^not  subtracting  the  interior  range — ^and  the 
volume  of  the  overlying  cone  as  twenty-nine  cubic  miles.*  If  the 
cone  rose  steeply  above,  as  it  probably  did,  the  volume  must  have 
been  considerably  more. 

»  The  figures  printed  in  the  article  by  the  ^Titer  in  the  Popular  Science  Manihly, 
Vol.  LXXI,  July,  1907,  are  incorrect. 
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ORIGIN  OF   THE  CALDERA 

There  are  three  ways  in  which  the  old  crater  may  be  conceived 
as  having  originated,  namely,  by  being  built  up  around  a  vent  of 
great  magnitude,  by  the  explosive  removal  of  a  volcanic  mountain 
mass,  or  by  the  subsidence  of  the  area  now  inclosed  within  the  wall. 

The  most  acceptable  conclusion  is  that  the  bowl  of  Aso  is  a  caldera 
produced  by  the  sinking  in  of  a  volcano,  as  the  result  of  the  escape  of 


Fig.  II. — Hot  springs  at  Yunotani  near  the  western  end  of  the  central  range. 
There  is  said  to  be  a  small  geyser  here  that  spouts  out  boiling  water  and  red  mud. 

lava  from  an  underlying  reservoir  at  low  points  of  discharge  and  the 
consequent  undermining  of  the  mountain  flanks.  The  process  was 
probably  one  of  the  gradual  enlargement  of  an  original  summit 
crater. 

There  are  three  main  reasons  why  this  supposition  seems  to  apply. 
In  the  first  place,  the  bowl  has  a  wide  extent  of  almost  level  floor, 
a.  symmetrical  oval  shape,  and  a  practically  continuous  ring  wall  of 
regular  form.     It  is  difficult  to  conceive  of  a  violent  explosion  destroy- 
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ing  the  whole  upper  part  of  a  mountain  of  such  size  and  leaving 
such  regular  remains,  whereas  they  might  well  be  the  outcome  of  a 
comparatively  gentle  process  of  sinking  taking  place  simultaneously 
at  all  points  around  a  common  center.  In  the  second  place,  the 
great  lava  flows  radiating  from  the  volcano  are  the  quantitative  equiva- 
lent of  the  mass  that  has  disappeared  from  the  old  cone  of  Mount 
Aso,  and  may  be  reasonably  considered  as  derived  from  the  space  in 
which  the  mountain  became  engulfed,  having  vacated  this  space 
through  channels  that  opened  at  low  points  on  the  flanks  of  the  cone. 
In  the  third  place,  the  lava,  although  it  is  not  of  the  most  fumble 
variety,  is  of  such  a  character  that  it  would  be  capable  of  forming 
large,  easily  flowing  and  slowly  cooling  streams;  and  would  not 
be  of  such  viscosity  as  to  offer  the  utmost  resistance  to  explosive 
forces  and  to  cause  explosions  of  the  greatest  magnitude. 

As  regards  the  possibility  of  an  explosive  origin  for  the  crater,  it  is 
to  be  expected  that  a  prominent  rim  of  d^ris  would  have  accumulated 
around  the  brink  of  the  cavity  had  such  an  immense  block  of  the 
earth^s  surface  been  removed  in  this  manner.  Although  it  is  true  that 
a  vast  amount  of  fragmental  material  is  present  in  the  wide  region 
surrounding  Aso-san,  no  such  rim  is  to  be  found.  The  balance  of 
probability  favors  the  conclusion  that  upward  discharges  of  material 
did  not  play  a  chief  part  in  excavating  the  bowl,  but  that  the  masses 
of  ejectmcnta  covering  much  of  the  region  aroimd  the  volcano  were 
thrown  out  partly  before  the  destruction  of  the  ancient  mountain  and 
partly  during  the  period  in  which  the  process  of  engulfment  was 
progressing,  as  a  secondary  phenomenon  attending  that  catastrophe. 
The  strata  in  the  wall  tell  of  explosive  eruptions  that  took  place 
contemporaneously  with  the  emission  of  lava  streams  in  the  early 
history  of  the  volcano,  but  it  appears  that  the  erupted  material  was 
chiefly  in  the  form  of  lava  flows.  On  the  other  hand,  the  decadent 
stages  of  the  volcano  have  been  marked  chiefly  by  explosive  eruptions 
as  witnessed  by  the  new  cone  and  the  deposits  in  its  vicinity,  and  by 
the  historical  accounts. 

As  regards  the  other  hypothetical  mode  of  origin,  the  low  cone  of 
Aso  may  be  thought  of  as  having  been  formed  by  a  process  of  cone 
building,  through  the  overflowing  of  lava  from  a  very  large  vent 
and  the  accumulation  round  about  of  material  explosively  removed. 
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But  it  is  scarcely  conceivable  that  a  process  alone  of  building  up 
could  have  produced  such  forms  as  those  of  Aso. 

John  Milne  discusses  the  origin  of  the  Aso  crater  in  the  account 
of  his  visit  to  it  before  mentioned.^  He  considers  unfavorably  the 
theory  of  an  explosive  origin  and  comes  to  the  following  conclusion: 

I  should  be  inclined  to  look  upon  it  as  being  now,  as  it  ever  was,  the  upper 
crater  of  an  old  volcano,  inside  which  in  more  recent  times  a  cone  has  grown. 
Although  at  the  commencement  of  the  moimtain  the  action  may  have  been 
cataclysmic  in  its  nature,  subsequently,  however,  I  should  think  that  it  grew  up 
higher,  partly  by  the  accumulation  of  ashes,  but  now  perhaps  by  the  boiling  over 
of  a  highly  liquid  trachytic  lava.  That  this  latter  action  has  taken  place  seems 
to  be  testified  by  the  roughly  stratified  appearances  which  are  exhibited  in  the 
ring  walls;  the  growth  has  in  fact  been  probably  something  like  the  growth  of 
Mauna  Loa  in  the  Sandwich  Islands  or  as  a  geyser  tube  in  Iceland. 

ORIGIN  OF  THE  CENTRAL  RANGE 

The  theory  of  a  subsequent  origin  for  the  interior  range  is  the  only 
acceptable  one.  The  caldera  may  have  originated  over  the  intersec- 
tion of  2  fissures,  one  nmning  north  and  south  parallel  to  the  long 
axis  of  Kiushiu  determining  the  long  axis,  and  one  at  right  angles 
determining  the  shorter  axis  and  affording  a  line  of  activity  along 
which  a  ridge  of  cones  was  later  built. 

ORIGIN  OF  THE  BARRANCO 

The  single  opening  in  the  wall  has  been  described  as  immediately 
opposite  the  western  end  of  the  central  range.  It  may  be  that  its 
origin  is  due  to  the  line  of  weakness  supposed  to  exist  along  the 
diameter  occupied  by  this  range,  and  that  it  was  contemporaneous  in 
origin  with  the  caldera.  Or  it  is  possible  that  forces  aided  in  the 
destruction  of  this  point  in  the  wall  at  the  time  that  great  eruptions 
were  taking  place  along  the  central  line  and  the  new  range  was  being 
built. 

Another  supposition  is  that  it  is  a  tnmcated  canyon  of  the  former 
Mount  Aso,  which  has  cut  back  and  tapped  the  floor  since  the  caldera 
was  formed.  There  is  not  much  evidence  that  the  flanks  of  the  former 
Mount  Aso  had  become  deeply  dissected  during  the  interval  between 
its  construction  and  its  disappearance,  and  there  is  no  other  canyon 
making  a  comparably  deep  gap  in  the  wall.    Therefore  the  outlet 

«  Popular  Science  Review,  New  Series,  Vol.  IV,  No.  16,  October,  1880. 
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of  the  streams  owes  its  origin  more  probably  to  one  of  the  first-men- 
tioned causes,  or  to  the  aid  afforded  by  structural  weakness  to  erosional 
work. 

LIST  OF  LARGE  CRATERS 

A  review  of  the  literature  on  volcanoes  reveals  the  fact  that  there 
are  ver>'  many  craters  and  volcanic  depressions  comparable  with  the 
Aso  caldera  in  form  and  origin.  The  frequency  of  occurrence  and 
importance  of  this  type  has  not  received  adequate  recognition  in  most 
of  the  textbooks.  The  following  list  gives  the  dimensions  of  some 
of  the  largest  known  craters,  and  of  a  few  smaller  ones  that  are  typical 
calderas,  out  of  the  hundreds  of  large  craters  that  might  be  cited.  It 
is  probable  that  the  majority  of  these  mentioned  are  volcanic  sinks- 
have  resulted,  that  is,  from  the  subsidence  of  portions  of  volcanic 
mountains — and  may  therefore  be  termed  calderas. 

Monte  Albano,  in  Italy,  has  a  ring  wall  inclosing  a  crater  7  by  6 
miles  in  dimensions. 

Lago  di  Bolsena  and  Lago  di  Bracciano  are  crater  lakes  in  Italy, 
the  former  measuring  8.5  by  7.5  miles,  and  the  latter  being  roimd  and 
with  a  diameter  of  5.5  miles. 

On  V'esuvius,  the  old  crater  of  Somma  must  have  been  nearly  cir- 
cular and  3  miles  in  diameter. 

Val  del  Bove,  on  Mt.  Aetna  in  Sicily,  is  a  caldera  4  or  5  miles  in 
diameter.' 

Pantellaria,  between  Sicily  and  Africa,  has  traces  of  a  crater  ring 
12  miles  in  diameter.^ 

Santorin,  in  the  Mediterranean,  is  a  volcanic  ring  i8  miles  in  cir- 
cumference. 

Palandokan,  in  Armenia,  has  a  crater  with  long  axis  of  6 
miles.-* 

Dyngufjoll,  in  Iceland,  has  a  crater  about  8  by  4  miles  in  dimen- 
sions with  an  area  of  25  square  miles.^ 

1  Charles  Lyell,  Principles  of  Geology,  loth  ed.,  Vol.  I,  p.  630. 

2  G.  Poulett  Scrope,  Volcanos,  1872,  p.  429. 

3  Hermann  Abich,  Geol.  Forschungen  in  den  kaukasischen  Ldndem,  Thcil  II, 
Vienna,  A.  Holder,  1878-87. 

4  Th.  Thoroddsen,  Geog.  Joum.  (London),  Vol.  XIII,  Nos.  3  and  5,  March  and 
May,  1899. 
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Palma,  in  the  Canary  Islands,  has  a  crater  that  has  been  reported 
as  9  miles  in  diameter." 

Teneriffe,  in  the  same  group,  has  a  crater  with  longest  diameter 
of  8  miles/ 

St.  Helena  Island  preserves  the  wreck  of  a  crater  which  according 
to  Darwin'  may  have  measured  8  or  9  by  4  miles.  From  other 
descriptions  the  longest  diameter  does  not  appear  to  have  been  more 
than  4  or  5  miles.^ 

Mauritius  according  to  Darwin  has  remnants  of  an  oval  crateral 
ring  with  shorter  diameter  of  13  miles.*  "^  ^ 

San  Thiago  (St.  Jago)  Island  has  a  remnant  resembling  in  character 
and  size  that  of  Mauritius.' 

Reunion  has  a  central,  crater-like  depression  that  is  approximately 
round  and  6  miles  in  diameter.^ 

Antandroy,  in  Madagascar,  has  a  partially  destroyed  crater  with 
diameter  of  15  miles.^ 

In  the  District  of  Ngorongo,  in  East  Africa,  an  apparently  crateral 
depression  measuring  over  12  miles  across  has  recently  been  de- 
scribed.^ 

Kamtschatka  is  said  to  contain  a  crateriform  lake  15  miles  in 
diameter  siurounded  by  the  Palan  Moimtains,  and  another  large 
lake,  called  Kranosk,  probably  crateral. 

Japanese  lakes. — The  following  lakes  of  northern  Japan  may 
occupy  calderas: 

Tazawa,  about  60  miles  west  of  Morioka,  Hondo.  It  is  6  miles  in 
diameter,  and  the  volcano  Komago-take  is  within  10  miles  of  it. 

X  Leopold  Yon  Buch,  Physikalische  Beschreibung  der  canarischen  Inseln,  Berlin, 
1825;  also,  Ges.  Sckriften,  herausgeg.  von  Ewald,  Roth  und  Dames,  Vol.  HI,  1877, 
p.  150- 

a  Charies  Darwin,  Geological  Observalions  on  Volcanic  Islands,  London,  Smith, 
Elder  &  Co.,  185 1,  pp.  29-30. 

3  J.  C.  Meliss,  SL  Helena,  London,  L.  Reeve  &  Co.,  1875. 

4  M.  BaiUy,  Voyage  aux  Terres  AustraleSj  tome  I,  p.  54. 

5  Charles  V61ain,  Description  Giologique  de  File  de  la  Reunion,  etc.,  Paris,  Typo- 
graphie  A.  Hennuyer,  1878. 

*  E.  F.  Gautier,  Madagascar,  Paris,  Libraire  Maritime  et  Coloniale,  1902. 

7  Fritz  Jaeger,  MitteUungen  aus  den  deuischen  Schutzgebieten,  Nos.  2  &  3,  1907. 
See  also  a  review  of  this  in  the  Geog.  Journ.  (London),  Vol.  XXX,  5,  November,  1907, 
p.  560. 
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Towada,  about  60  miles  south  of  Aomori,  Hondo.  It  is  10  miles 
in  diameter  and  irregular. 

Toya,  near  the  coast  north  of  Volcano  Bay  in  Hokkaido.  It  is 
roimd  and  over  10  miles  broad,  and  contains  two  islands.  The  vol- 
cano Usu-dake  rises  just  south  of  it. 

Shikots,  over  60  miles  south  of  Sapporo,  Hokkaido.  It  is  an 
irregular  lake  nearly  14  miles  long  and  7  broad  surroimded  by  high 
mountains.  There  are  volcanoes  within  5  miles  both  northwest  and 
southeast  of  it. 

Kutcharo,  over  50  miles  south  of  the  southernmost  part  of  the  north 
coast,  in  the  northeast  comer  of  Hokkaido.  It  is  irregular,  with 
approximate  dimensions  of  15  by  8  miles,  and  surroimded  by  moun- 
tains.   A  volcano  and  hot  spring  are  just  east  of  it. 

Bombom,  Luzon,  is  a  rudely  oval  crater  lake  with  mean  diameter 
of  12  miles.* 

Java'  contains  the  following  large  craters:  Ringguit,  a  remnant 
of  a  ring  that  may  have  had  a  diameter  of  13  miles;  Idien,  a  renmant 
with  possible  diameter  of  10  miles;  Hiiang,  faint  traces  of  an  outer 
crater  of  10  miles  diameter;  Tengguer,  an  entire  sununit  crater  over 
5  miles  across;  there  arc  also  3  other  adjoining  craters,  and  the  4 
together  seem  to  form  a  single  elliptical  depression  measuring  7  by 
5  miles;  Ngadipouro,  a  remnant  of  a  ring  6.5  in  diameter;  Tounggoul 
and  related  craters,  3  large  rings  that  together  seem  to  form  a  depres- 
sion 15  miles  long,  and  12  miles  wide  at  one  end  and  4  miles  at  the 
other;  Danou,  one  remnant  indicates  a  formerly  existent  ring  9  miles 
across,  and  3  other  rings  together  seem  to  form  a  crateral  inclosure 
measuring  8  miles  by  3 ;  Prinsen-eiland  between  Java  and  Sumatra 
forms  a  partial  ring  6.5  miles  across;  and  the  4  islands  of  Parang, 
north  of  Java,  make  up  a  possibly  crateral  ring  with  diameter  of  6 
miles. 

Maniendjoe  and  Singkarah  are  2  lakes  in  Sumatra  that  probably 

»  Richard  von  Drasche,  FragmenU  zu  einer  Geologic  der  Insel  Luzon,  Vienna, 
Verlag  von  Karl  Gerold's  Sohn,  1878.  Also,  G.  F.  Becker,  Twenty-first  Ann.  Kept., 
U.  S.  Geol.  Survey,  1899-1900,  Pt.  III. 

a  Franz  Junghuhn,  Java;  German  translation,  Leipzig,  Amoldische  Buchhand- 
lung,  1857.  Also,  Verbeek  and  Fennema,  Description  giologique  de  Java  et  Madoura, 
Amsterdam,  Joh.  G.  Stemlcr,  1896. 
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occupy  crater  basins;  the  greatest  dimensions  of  the  former  are  14.5 
by  7  miles,  and  of  the  latter  13  by  4.5  miles.' 

Deception  Island,  in  the  South  Shetland  group,  contains  an  oval 
crateriform  harbor  6  miles  long  and  4  miles  wide. 

The  well-known  craters  of  the  Hawaiian  Islands  are  representa- 
tive of  the  caldera  type.  The  largest  of  them  is  Haleakala,  which  is 
of  irregular  shape  and  covers  16  square  miles.  It  has  2  arms,  each  of 
which  is  about  6  miles  long  and  2  miles  wide.*  Mohokea  caldera  on 
the  side  of  Maima  Loa  measures  about  6  by  5  miles.^ 

In  Galapagos  Islands  there  are  5  large  craters  on  Albemarle 
Island.  The  largest  is  at  the  south  end  and  has  a  length  of  about  12 
and  a  width  of  about  6  miles.  The  others  vary  in  size  down  to  a 
length  of  3  miles  or  less.^ 

The  Central  American  lakes,^  Atitlan  and  Amatitlan  in  Guate- 
mala, and  Ilopango  in  San  Salvador,  are  3  lakes  whose  origin  was 
probably  due  to  volcanic  subsidence,  although  there  is  a  difference 
of  opinion  regarding  them.  The  first  is  12.5  by  9  miles  in  greatest 
dimensions,  the  second,  9.5  by  3.5,  and  the  third,  12.5  by  5  miles. 

Masaya-Nindiri  volcano,  in  Nicaragua,  is  surrounded  by  the 
remains  of  a  crater  that  must  have  had  a  long  diameter  of  5  or  6 
miles.^'  ^ 

Crater  Lake,  in  Oregon,  occupies  a  deep  caldera  measuring  6  or 
more  by  4.5  miles  and  having  an  area  of  20.5  square  miles. ' 

« R.  D.  M.  Verbeek,  Topographische  en  Geologische  Beschrijing  Sumatra's 
Wesikusi,  Batavia,  Landsdrukkerij,  1883. 

»  J.  D.  Dana,  CharaOeristics  of  Volcanoes^  New  York,  Dodd,  Mead  &  Co.,  1890. 
Also,  Clarence  Dutton,  Hawaiian  Volcanoes^  Extract  from  4th  Ann.  Rept.,  U.  S.  Geol. 
Survey,  1882-83,  pp.  126-28. 

3  C  H.  Hitchcock,  Bull.  Geol.  Soc.  Am.,  Vol.  CXII,  October,  1906,  pp.  485-96. 

4  This  information  was  kindly  furnished  by  Mr.  W.  H.  Ochsner,  of  Stanford 
University  and  the  California  Academy  of  Sciences,  who  recently  returned  from  a 
geological  trip  to  these  islands. 

s  E.  G.  Squier,  The  States  of  Central  America^  etc..  New  York,  Harper  &  Bros., 
1858.  Also,  A.  Dollfuss  and  E.  de  Montserrat,  Voyage  giohgique  dans  les  rSpub- 
liques  de  Guatemala  et  de  Salvador,  Paris,  Imprimerie  Imp^riale,  1868. 

6  Karl  von  Seebach,  Ueher  Vulkane  Centralamerikas;  aus  den  38sten  Bande  der 
Ahhandlungen  der  K9niglichen  GeseUschaft  der  Wissenschaften  zu  Gdttingen,  Dieterich- 
sche  Verlags-Buchhandlung,  1892. 

7  J.  S.  Dillcr,  Professional  Paper,  No.  3,  U.  S.  Geol.  Survey,  1902. 
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SUMMARY  '     '^: 

The  caldera  of  Aso  is  a  great  depression  at  the  summit  of  a  low 
mound-shaped  cone  in  the  center  of  the  island  Kiushiu,  within  22 
to  35  miles  of  the  sea  and  only  1,000  to  3,000  feet  above  it.  It  has 
been  the  center  of  vast  outpourings  of  lava  and  fragmental  material 
that  have  filled  a  depressed  area  in  the  topography  of  the  older  forma- 
tions during  Quaternary  time.  It  is  one  of  the  largest,  if  not  the 
largest,  of  craters  known  on  the  earth. 

The  caldera  has  been  worn  considerably,  but  the  wall  has  not  been 
removed  by  erosion  at  any  point,  the  single  barranco  being  considered 
as  due  chiefly  to  structural  weakness  or  subsequent  disruption. 
The  floor  has  been  built  up  as  well  as  worn  down  and  probably  retains 
fairly  well  its  original  level.  The  caldera  appears  to  date  from  about 
middle  Quaternary  time. 

In  the  history  of  the  volcano  both  effusive  and  explosive  eruptions 
have  been  characteristic,  and  have  occurred  contemporaneously,  the 
amount  of  material  emitted  as  lava  flows  having  probably  been 
greater. 

The  lava  is  intermediate  between  andesite  and  basalt,  and  is  of 
comparatively  easy  fusibility. 

There  existed  formerly  a  volcanic  cone  above  the  site  of  the  present 
caldera,  of  which  the  truncated  base  is  preserved  in  the  outer  slopes. 
The  caldera  grew  as  a  result  of  the  discharge  of  great  lava  flows  and 
the  collapse  of  this  cone.  The  process  was  probably  one  of  gradual 
enlargement  of  a  summit  crater. 

A  high,  continuous  interior  range  was  later  built  up  by  eruptions 
along  a  fissure  at  right  angles  to  the  long  axis  of  the  caldera;  and  the 
cone  building  still  continues,  though  with  diminishing  vigor,  in  a 
modern  crater  centrally  situated  with  respect  to  the  old  one. 


MARGINAL   GLACIAL   DRAINAGE   FEATURES   IN  THE 
FINGER  LAKE  REGION' 
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A  Study  of  a  considerable  number  of  the  channels  or  scourways 
formed  by  streams  associated  with  the  Pleistocene  ice  sheet  in  the 
southern  Finger  Lake  region  of  New  York  has  served  to  bring  out 
many  features  of  more  than  local  interest  and  importance,  both  as  to 
the  broader  phases  of  glaciation  in  this  part  of  New  York  State,  and 
as  to  the  value  of  a  study  of  such  channels  as  an  aid  in  working  out  the 
glacial  geology  of  a  region. 

This  study  has  a  distinct  bearing  on  the  interglacial  problem  in 
that  several  of  these  channels  give  conclusive  evidence  of  more  than 
one  stage  of  glaciation,  while  one  points  strongly  to  three  or  more  such 
stages  with  corresponding  interglacial  epochs,  some  of  which  seem  to 
have  been  considerably  longer  than  post-glacial  time.  Other  channels 
are  so  situated  as  to  make  possible  a  fairly  accurate  estimate  of  the 
slope  of  the  ice  margin  along  the  valley  tongues.  Still  another 
furnishes  proof  of  an  extensive  sinking  of  the  surface  consequent  upon 
the  melting-out  of  a  large  block  of  buried  ice — a  phenomenon,  the 
importance  of  which  seems  not  to  be  fully  appreciated. 

The  Finger  Lake  region,  lying  as  it  does  along  the  belt  of  the  great 
recessional  moraines  of  the  Wisconsin  ice  sheet,  is  especially  favorable 
for  the  study  of  marginal  glacial  drainage  features.  The  long  halts 
of  the  glacier,  while  the  moraines  were  building,  gave  ample  time  for 
the  associated  streams  to  carve  for  themselves  distinct  channels 
which,  now  that  the  ice  is  gone,  are  in  most  cases  left  dry  and  entirely 
out  of  harmony  with  the  present  drainage, 

«  This  i>aper  is  an  abstract  of  a  thesis  presented  to  the  facility  of  Cornell  University 
in  June,  1907,  as  a  requirement  for  a  major  in  Physiography.  The  work  was  imder- 
taken  at  the  suggestion  of  Professor  R.  S.  Tarr,  to  whom  the  writer  is  indebted  for 
helpful  suggestions,  and  for  the  location  of  many  of  the  channels  herein  described.  In 
the  course  of  folio  work  for  the  U.  S.  Geological  Survey,  Professor  Tarr  discovered 
several  of  these  channeb,  some  of  which  are  described  in  his  report  soon  to  be  published 
by  the  Geological  Survey. 
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CHANNEL  TYPES 

The  glacial  channels  of  the  Finger  Lake  repon  are  of  several 
different  types,  representing  various  conditions  of  formation,  ran- 
ging from  small  streams  at  the  ice  margin  to  the  outlet  streams  of  large 
glacial  lakes.  It  has  been  found  desirable  in  describing  these  channeb 
to  classify  them  into  five  groups,  based  on  the  most  common  conditions 
of  formation.    The  following  five  types  have  been  selected: 

I.  Marginal. — Channels  formed  by  streams  flowing  close  along 
the  ice  margin. 

II.  Submarginal. — Channels  of  a  broadly  marginal  nature;  not, 
however,  following  closely  the  edge  of  the  ice;  cutting  across  hill 
spurs  or  behind  small  outlying  hills. 

m.  Lateral. — Channels  formed  by  streams  leaving  the  glacier 
through  a  notch  in  the  bordering  hills  and  flowing  laterally  away 
from  the  ice. 

IV.  Morainic  channels. — Channels  formed  while  a  moraine  is 
building  by  contemporaneous  streams  issuing  fix)m  the  ice.  Often 
indistinct;  best  developed  in  flat  moraine  near  the  end  of  an  ice-lobe. 

V.  Glacial  lake  outlets. — Channels  formed  by  the  outlet  streams 
of  glacier-dammed  lakes. 

It  must  be  borne  in  mind  that  it  is  often  difficult,  if  not  impossible, 
to  draw  sharp  lines  of  distinction  in  all  cases.  This  is  necessarily  so 
because  of  the  variations  in  conditions  under  which  the  channels  were 
formed. 

In  this  paper  only  selected  examples  of  each  type  are  described. 
In  so  far  as  possible  channels  have  been  selected  which  illustrate  well 
the  type,  and  at  the  same  time  show  features  of  more  than  local  interest. 

TYPE  I.      MARGINAL 

SlaterviUe  channels. — One  of  the  most  typical  channels  of  the 
marginal  type  is  found  about  two  miles  east-northeast  of  SlaterviUe 
Springs  (Dryden  sheet,  U.S.G.S.)  on  the  east  side  of  Six  Mile  Creek 
valley  at  an  elevation  of  about  1,640  feet  near  the  top  of  the  southmost 
hill.  The  channel  starts  as  a  slight  trimming  of  the  hill  slope.  This 
increases  gradually  until  at  first  a  flat  bench,  and  later  a  two-sided 
channel  is  cut  in  the  slope  (Fig.  1).  The  channel  bottom  has  a  width 
of  about  one  hundred  feet  and  is  very  flat  and  swampy.     A  profusion 
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of  trunks  and  branches  of  hemlock  trees  is  scattered  over  the  bottom; 
a  rather  characteristic  feature  of  such  channels  in  this  region.  The 
lower  bank,  or  the  one  which  was  nearest  the  ice,  is  low,  varying  from 
two  to  ten  feet  in  hei^t.  The  opposite  bank,  formed  by  trimming  of 
the  hillside,  is  very  steep,  and  thirty  or  forty  feet  high  in  places-J^The 


'mm 


Section  A-B, 


Fig.  X. — Sketch  of  Slaterville  Springs  channel,  showing  its  contour-like  character. 

channel,  beginning  on  the  west  side  of  the  hill,  follows  closely  the 
contours  around  the  south  end  to  the  east  side,  where  it  becomes  lost 
for  a  short  distance  as  it  crosses  a  small  valley  or  gully,  but  reappears 
again,  though  less  distinctly,  beyond. 

An  interesting  feature  is  the  disappearance  of  the  channel  in  cross- 
ing the  small  valley,  and  its  re-appearance  on  the  opposite  side.  It 
may  be  that  a  block  of  stagnant  ice,  probably  more  or  less  buried,  lay 
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in  the  valley  and  formed  the  stream  bottom.  If  such  were  the  case 
we  would  expect  to  find  no  distinct  channel  after  the  ice  had  melted. 
At  an  elevation  two  hundred  feet  lower  on  the  same  hill,  and  almost 
due  southwest  of  the  channel  just  described  is  another  of  the  same 
general  type.  It  begins  on  the  west  slope  of  the  hill  as  a  shallow, 
indistinct,  slightly  swampy  channel  with  banks  varying  in  height  from 
one  to  three  feet.  After  continuing  thus  for  about  150  feet  it  sud- 
denly changes,  at  the  site  of  an  ancient  waterfall,  to  a  deep  partly 
rock-sided  gorge  which  contours  the  hill  for  a  distance  of  about  one- 
fourth  mile.  Its  depth  here  is  approximately  forty  feet.  A  short 
distance  east  of  the  mouth  of  this  channel  is  another  shorter  one  cut 
in  the  rock  at  the  base  of  the  hill.  The  two  were  probably  contempo- 
raneously formed  by  the  same  stream. 

Several  featiures  of  this  channel  show  that  it  was  formed  previous 
to,  or  during  the  advance  of  the  last  ice-sheet|  and  that  streams 
associated  with  the  retreating  Wisconsin  ice  did  little  more  than  to 
clear  out  a  part  of  the  d^ris  with  which  the  channel  had  been  filled. 
The  lines  of  evidence  p>ointing  to  this  are:  (i)  the  present  V-shape  of 
the  gorge,  (2)  the  presence  of  considerable  drift  within  the  gorge,  and 
(3)  the  only  occasional  outcrop  of  rock  in  the  gorge  walls.  The 
bottom  is  not  flat  as  would  be  expected  if  the  gorge  had  been  cut  by 
the  last  stream  which  flowed  through  it.  The  flat  portion  of  the 
bottom  is  very  narrow;  only  a  fraction  of  the  width  of  the  gorge,  and 
in  no  part  of  the  bottom  is  rock  visible. 

This  is  one  of  two  channels  among  the  large  number  studied,  in 
which  the  sites  of  waterfalls  were  found. 

Wedgwood  channel. — One  and  one-half  miles  west-southwest  of 
Wedgw^ood  Station  (No.  i.  Fig.  2,  from  Watkins  sheet,  U.  S.  G.  S.) 
is  a  marginal  channel  distinctly  older  than  the  final  retreat  of  the  last 
ice-sheet.  It  is  now  largely  drift-filled  and  shows  no  trace  of  the 
presence  of  a  stream  since  it  was  imcovered  by  the  ice.  It  is  not  flat 
bottomed,  as  are  the  imdisturbed  channels,  but  has  a  decided  V-shape. 
East  of  the  channel  a  small  rock  hill  has  been  isolated  by  the  channel 
cutting.  Rock  is  exposed  in  the  walls  in  only  a  few  places.  One 
exposure  at  X  (Fig.  3)  shows  an  approximately  vertical  rock  wall 
buried  beneath  the  glacial  drift  which  partially  fills  the  gorge.  A  few 
feet  north  of  X  the  channel  bottom  rises  several  feet  to  a  drift  divide 
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which  is  distinctly  within  the  main  channel,  but  shows  no  trace  of 
stream  action.  Beyond  the  divide  a  hummocky  deposit  continues 
nearly  to  the  small  stream  which  here  crosses  nearly  at  right  angles 
to  the  direction  of  the  channel.  In  this  stream,  approximately  in  line 
with  the  west  channel  wall,  is  a  waterfall  probably  formed  by  the 


Fig.  2. — Wedgwood  and  Watkins  Hill  channels.  These  channels  were  formed 
at  the  margin  of  an  ice-lobe  moving  southward  through  the  Seneca  Lake  valley  shown 
on  the  eastern  side  of  the  map.    Scale  1/62,500. 

present  stream  encountering  the  rock  wall  of  the  buried  gorge.  A 
short  distance  below  the  fall  the  conditions  shown  in  A-B  (Fig.  3) 
may  be  seen.  There  is  a  rock  terrace  about  thirty  feet  wide  at  a  level 
three  feet  above  the  present  stream.  The  stream,  however,  is  not 
£k)wing  on  rock.  It  seems  to  have  discovered  a  buried  channel,  for 
both  its  bottom  and  its  southwestern  side  are  composed  of  drift. 
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with  the  occuxrence  of  ibc  falls 
vtfe  4t  X,  ivttficmt^  the  presence 
s  fe  ofvdi  as  Ibe  str^^  be;^ 

asi  dumbed,  and  a 


*X-  Siro.vi   .1    ^,'^i3C^-vx*    .-'fc^.Tft**:     t\^     Sak  ot   cootoor   sketch  about 

>L\  r^Tv"-r».  rv.  V    iv  xivi.      TSf  rf --mis  ak  s^dacr  txifyiAttd  to  bring  out  essential 

:  .  -^cr  v  ,r.  :^,  ^"_r^vi^  -^  H^.  -'  15  another  of  a  strictly 
•**JLX*-*JL.  r  vv  vi  -  c."  :.'u>-^>  rcr  o-.-tx  oce-half  rnfle  along  the  hill. 
TxTx  >  "<rv  .vs: -:iv::>.  i  v-rirj*.^i  Tir->i:in  a  channel;  the  smaller  and 
IjkivT  or.^  ir~-x\:  i.^rr.c  vrt'i  r-r.jLl  rxcr^a:  of  the  ice;  the  other  at  an 
cArlxr  .•  jl:v\  I>,v:  ovckr  chjLr.r.^I  is  pjLrdally  drift-dlled.  yet  maintains 
discinc:  bsir.ks  ihrv^uc^.ou:  zx^s:  of  its  course.     The  banks  are  not 
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sharply  trimmed.  In  the  lower  end  are  several  hummocks,  apparendy 
of  a  morainic  nature.  This  older  channel  was  occupied  during  the 
retreat  of  the  last  ice-sheet  by  a  small  stream  which  formed  a  second 
channel  twenty  or  thirty  feet  wide  within  the  older  one,  which  has  a 
width  of  about  125  feet.  The  smaller  channel  has  distinctly  trimmed 
though  low  banks,  and  a  characteristically  swampy  bottom.  At  its 
upper  end  the  older  channel  is  buried  in  a  gendy  undulating  moraine 
in  which  the  smaller  and  later  stream  seems  to  have  originated. 

TYPE  n.       SUBBiARGINAL 

CaytUa  Gorge  channel. — An  excellent  example  of  this  type  is 
Cayuta  Gorge  at  the  oudet  of  Cayuta  Lake  (Fig.  4;  Ithaca  sheet, 
U.  S.  G.  S.).  The  lake  lies  in  a  broad,  mature  valley  trending  a  little 
south  of  southwest.  At  its  southern  end  a  glacial  deposit,  about 
forty  feet  in  average  height  stretching  across  the  valley,  forms  the 
dam  to  which  the  lake  owes  its  origin.  In  one  place  on  the  west  side 
of  the  valley  near  the  schoolhouse  the  top  of  this  barrier  is  less  than 
twenty  feet,  and  probably  not  more  than  ten  feet  above  lake  level. 
Through  this  gap  to  the  south  is  free  communication  with  Catlin  Mill 
Creek,  and  thence  with  Seneca  valley;  yet  the  lake  waters,  instead 
of  finding  an  outlet  through  this  low  pass,  turn  eastward  and  escape 
through  a  rock  gorge  cut  to  a  depth  of  over  three  himdred  feet  through 
the  hill  bordering  Cayuta  valley  on  the  east  (Fig.  4).  That  this 
oudet  is  no  normal  valley,  is  shown  by  its  almost  perpendicular  rock 
sides  and  its  lack  of  harmony  with  the  surrounding  topography. 
Clearly  nothing  but  the  intervention  of  a  glacier  could  have  produced 
such  an  abnormal  drainage  condition  in  a  region  of  horizontal  and 
comparatively  homogeneous  rocks. 

As  is  show  by  a  map  of  the  moraines  of  this  region,^  a  lobe  of 
ice  from  the  great  Seneca  valley  tongue  lay  for  a  long  time  across  the 
lower  end  of  Cayuta  Lake  valley.  Such  an  ice-lobe  would  obstruct  the 
normal  drainage  and  cause  the  water  to  escape  over  the  lowest  point 
in  the  valley  side.  This,  in  this  case,  clearly  must  have  been  the  site 
of  the  present  gorge.  In  order  to  permit  the  cutting  of  so  profound  a 
gorge,  the  glacier  must  have  stood  nearly  stationary  for  a  long  time. 
It  might  have  been  melting  away  as  fast  as  the  gorge  was  being  cut 

«  Tarr,  JJii/.  Geol  Soc.  Am.,  Vol.  XVI,  1905,  pp.  215-28. 
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down,  but  no  faster,  for  if  melting  were  more  rapid  than  downcutting, 
a  new  channel  farther  down  the  hillside  would  at  once  be  begun. 


Fig.  4. — Cayuta  Gorge  and  vicinity.  Note  tributary  streams  i4,  B,  and  C, 
referred  to  in  the  text.     Scale  1/62,500. 

A  channel  of  this  type  could  be  formed  only  in  connection  with  a 
retreating  or  possibly  stationary  phase  of  ice-movement;  never  in 
connection  with  an  advancing  movement,  for,  since  the  initial  stage 
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of  such  a  channel  begins  high  up  on  the  hill,  if  after  the  channel  had 
been  started  the  ice  continued  to  advance,  the  channel  would  soon  be 
covered  and  another  farther  up  the  hill  slope  would  be  begun.  Such 
reasoning  strongly  supports  the  belief  that  this  channel  was  formed 
by  waters  associated  with  a  retreating  ice-sheet.  It  was  not,  however, 
formed  during  the  final  retreat  of  the  last  ice,  for  within  the  gorge 
itself  are  deposits  of  glacial  drift  which  the  stream  is  still  engaged  in 
removing.  It  has  nowhere  as  yet  reached  rock  bottom.  The  presence 
of  the  drift  clearly  proves  that,  after  the  gorge  had  been  cut  to  a  depth 
greater  than  the  present,  it  was  subjected  to  glacial  action. 

The  cutting  of  the  gorge  has  introduced  a  hanging  condition  in  the 
streams  A,  B,  and  C  (Fig.  4).  The  stream  C,  which,  as  the  map 
shows,  has  only  a  small  drainage  area,  enters  Cayuta  Gorge  without 
falls  through  a  drift-filled  rock  gorge  thirty  or  forty  feet  in  width.  The 
stream  bottom,  at  least  in  the  lower  part  of  the  gorge,  is  entirely  on 
drift.  The  presence  of  this  drift-fiUed  tributary  gorge  shows  that, 
since  the  glacial  epoch  during  which  Caj^ta  Gorge  was  formed,  there 
came  an  erosion  interval  long  enough  for  a  small  stream  to  cut  a  good- 
sized  rock  gorge.  After  this  period  of  erosion  came  another  epoch  of 
glaciation  during  which  the  gorges  were  filled  with  drift.  Since  glacial 
times  this  stream,  working  over  a  very  steep  grade,  has  been  unable 
to  remove  the  drift  from  the  gorge  which  in  the  interglacial  interval 
it  had  cut  in  soUd  rock.  This  would  indicate  that  the  ratio  of  inter- 
glacial to  postglacial  time  is  roughly  that  of  the  time  taken  by  a  stream 
to  cut  a  gorge  in  rock  to  that  taken  by  the  same  stream  to  cut  a  gorge 
of  about  equal  size  in  drift. 

Stream  B  shows  an  even  more  complex  history.  It  enters  Cayuta 
Gorge  at  a  rather  steep  grade  through  a  gorge  which  is  distinctly 
interglacial  in  character.  Its  walls  are  veneered  with  drift  and  appear 
much  weathered.  The  stream,  which  flows  in  a  series  of  cascades 
over  a  rock  bottom  seems  to  have  deepened  its  channel  in  the  rock 
by  about  six  feet  since  glacial  times.  One-fifth  of  a  mile  above  its 
mouth  the  gorge  widens  out  into  a  nearly  circular  amphitheater  (Fig. 
5)  at  which  there  is  an  abrupt  change  in  direction  and  an  absolute 
change  in  the  character  of  the  gorge.  For  one-half  mile  or  more 
above  the  amphitheater  the  stream  flows  with  an  even  grade  through  a 
rock-walled,  partly  drift -filled  gorge  at  least  three  times  wider  than 
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that  below.  The  gorge  bottom  in  this  upper  part  is  about  120  feet 
wide  and  shows  rock  in  only  one  or  two  places,  then  not  sufficiently 
to  cause  falls  or  rapids.  The  walls  show  marked  decay.  In  line 
with  this  upper  gorge  and  running  from  the  amphitheater  to  the  side 
of  Cayuta  Gorge  is  a  sag  of  about  fifteen  feet  in  the  surface  which 
undoubtedly  marks  the  drift-filled  continuation  of  the  gorge  above 
(see  Fig.  5). 

The  Stream  5,  then,  above  the  amphitheater,  is  flowing  in  a  gorge 

distinctly  broader 
and  older  than  the 
interglacial  one 
which  it  follows 
from  the  amphi- 
theater to  its  junc- 
tion with  Cayuta 
Gorge.  If  this 
larger  gorge  is  due 
to  a  hanging  condi- 
tion initiated  by  the 
cutting  of  Cayuta 
Gorge  then,  in  order 
to  explain  the  facts, 
appeal  must  be 
made  to  three  pe- 
riods of  glaciation; 
for  what  but  the 
intervention  of  a 
glacier  would  ac- 
count for  the  divcr- 


FiG.  5.— Sketch  of  tributary  Stream  B.  Note  the 
broad  upf)er  gorge,  and  the  narrower  one,  itself  inter- 
glacial, through  which  the  stream  reaches  Cayuta 
Gorge. 


sion  of  the  stream  from  its  broader  gorge  to  the  one,  itself  interglacial, 
which  it  occupies  in  the  lower  part  of  its  course  ?  It  has  been  sug- 
gested however,  that  the  older  gorge  may  be  the  result  of  a  regional 
rejuvenation  antedating  the  appearance  of  the  first  ice-sheet.  Such 
a  rejuvenation,  evidence  of  which  has  been  foimd  by  Tarr  in  many 
of  the  streams  of  this  region,  might  account  for  the  conditions  here 
found  \\'ithout  appeal  to  more  than  two  periods  of  glaciation. 

It  seems  probable,  however,  if  Stream  B  cut  a  gorge  due  to  regional 
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rejuvenation  that  it  was  tributary  to  the  neighboring  Stream  A 
rather  than  to  Cayuta  Gorge.  This  belief  is  based  on  the  fact  that 
the  drift-filled  gorge  at  the  mouth  of  B  appears  to  be  hanging  well 
above  the  present  stream  in  Cayuta  Gorge,  and  that  in  A,  about  one- 
third  of  a  mile  above  its  mouth,  there  is  a  break  in  the  continuity  of  the 
rock  wall  on  the  west  side,  above  which  the  gorge  is  decidedly  nar- 
rower; a  condition  which  suggests  strongly  the  entrance  of  a  large 
tributary  gorge  from  the  west. 

For  these  reasons,  though  one  gorge  may  be  due  to  rejuvenation, 
it  is  believed  that  the  others  represent  at  least  three  ice  invasions  with 
corresponding  intervals  of  deglaciation. 

Evidence  as  to  the  interglacial  nature  of  these  gorges  is  of  con- 
siderable importance,  owing  to  the  fact  that  while  the  multiplicity 
of  glacial  epochs  has  been  proven  in  many  parts  of  the  United  States, 
it  has  not  been  fully  recognized  for  this  region.  As  late  as  1905  we 
have  the  following  statement  from  Fairchild':  "It  is  safe  to  discuss 
the  history  of  the  region  as  involving  only  the  Wisconsin  glacial  epoch, 
for  no  evidences  of  any  earlier  and  more  forceful  and  extended  ice 
sheet  have  been  found."  Previous  to  1906,  Tarr*  held  that  there  was 
no  direct  evidence  of  more  than  the  Wisconsin  ice  invasion.  In  that 
year,  however,  he  published  evidence  based  on  the  buried  gorges 
which  led  him  to  the  conclusion  that  there  have  been  at  least  two 
epochs  of  glaciation.3  Maston^  in  1904  described  a  series  of  buried 
gorges  in  Buttermilk  valley  near  Ithaca  which  led  him  to  the  belief 
that  at  least  two  and  perhaps  four  ice-sheets  had  invaded  this  region. 

TYPE  ni.   LATERAL 

Spencer  Summit  channel. — A  typical  lateral  channel  is  foimd  one 
and  one-half  miles  east  of  the  Lehigh  Valley  railway  station  at 
Spencer  Sunmiit,  a  short  distance  south  of  the  Thompkins  County 
line  and  one-fourth  mile  east  of  Michigan  Creek  (Dryden  sheet, 
U.S.G.S.,  Fig.  6).  Beginning  just  beyond  the  divide  in  the  deep 
notch  through  which  the  road  passes,  it  follows  a  southeasterly 
course  along  the  preglacial  valley  heading  near  the  notch.     For  the 

«  Bid.  Geol.  Soc.  Atner.,  Vol.  XVI,  p.  67. 

•  Ibid.,  pp.  217,  237-42. 

3  Jtmr.  Geol,  Vol.  XIV,  1906,  pp.  18-21. 

4/6«.,  pp.  133-51 
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first  mile  of  its  course  the  channel  is  very  distinct,  flat  bottomed  and 
from  ICO  to  150  feet  in  width.  Farther  down  it  is  less  distinct  owing 
to  the  entrance  of  tributary  valleys  whose  streams  have  modified  the 
old  channel  bottom. 

Contrary  to  what  would  be  expected,  the  channel  does  not  begin 
at  the  divide.  Here  the  notch  is  V-shaped  in  cross-section,  and  at  the 
bottom  scarcely  wider  than  the  highway.  Rock  is  visible  in  the  walls, 
but  there  is  a  considerable  drift  filling.    About  two  hundred  feet 


Fig.  6. — Spencer  Summit  channel.  A  typical  lateral  channel.  The  ice-tongue 
moved  southward  through  the  deep,  steep-walled  valley  in  which  Spencer  Summit  is 
situated.     Scale  1/62,500. 

east  of  the  divide  the  channel  begins  suddenly.     It  is  very  swampy 
and  attains  almost  its  full  width  at  the  very  beginning. 

A  probable  explanation  of  the  absence  of  the  channel  at  the  divide 
is  that  a  small  ice-lobe  from  the  main  Cayuga  valley  tongue  pushed 
partly  through  the  notch,  and  from  its  terminus  discharged  the 
stream  which  formed  the  channel.  This  is  a  condition  almost  exactly 
similar  to  that  found  by  Tarr  at  Floral  Pass,  along  the  eastern  border 
of  Hayden  Glacier,  Alaska. 
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Johnson  Hollow  channel. — ^Two  and  one-half  miles  north  of  the 
town  of  Millport,  and  an  equal  distance  east-southeast  of  Moreland 
is  the  beginning  of  another  interesting  lateral  channel.  It  was  formed 
by  a  stream  from  a  small  lateral  lobe  which  pushed  from  the  great 
Seneca  valley  ice-tongue  for  a  short  distance  through  the  gap 
in  the  hills  on  the  west  side  of  the  valley.  The  stream  flowed 
for  a  little  over  a  mile  in  a  northeasterly  direction,  almost  opposite 
to  that  of  the  ice-motion  in  the  adjacent  valley.  It  then  turned  and 
flowed  a  little  south  of  west  for  another  mile,  then  southward  through 
Johnson  Hollow  and  finally  back  to  the  ice  three  miles  below  the  start- 
ing point.     (See  Fig.  9.) 

This  channel,  like  those  already  described,  has  a  flat,  swampy 
bottom  and  distinctly  trimmed  banks.  For  the  first  mile  of  its 
course  its  width  varies  from  100  to  150  feet.  The  elevation  at  the 
beginning  is  1,200  feet,  and  at  the  foot  of  Johnson  Hollow,  where  it 
again  reached  the  ice  tongue,  1,000  feet.  This  gives  a  drop  of  two 
hundred  feet  in  a  distance  of  three  miles,  or  an  ice-slope  of  sixty- 
six  feet  per  mile. 

At  the  head  of  Johnson  Hollow  is  a  series  of  several  channels  of 
which  this  is  one.  The  entire  series  will  be  fully  described  on  a  later 
page  with  special  reference  to  the  relation  of  the  various  channels  to 
each  other  and  to  the  ice-front. 

Watkins  Hill  channel, — Beginning  on  the  west  side  of  Watkins 
Hill  (Fig.  2,  Watkins  Sheet,  U.  S.  G.  S.)  is  another  lateral  channel 
which  after  a  course  of  about  two  and  one-fourth  miles,  again  reached 
the  ice-tongue,  against  which  it  built  a  distinct  gravel  plain.  The 
difference  in  elevation  of  the  two  ends  of  this  channel  is  approximately 
150  feet.  This,  in  two  and  one-fourth  miles,  gives  an  ice  slope  of 
sixty-seven  feet  per  mile;  practically  the  same  as  that  determined  for 
the  Johnson  Hollow  channel. 

Remarks. — The  condition  favorable  for  the  formation  of  a  lateral 
channel  is  the  presence  of  an  ice-tongue  lying  in  a  valley  bordered  by 
hills.  Under  these  conditions  the  marginal  drainage  is  apt  to  be 
diverted  by  any  low  gap  in  the  valley  sides,  giving  rise  to  a  lateral 
channel.  It  often  happens  that  a  stream  after  thus  leaving  the  ice 
finds  itself  in  a  valley  tributary  to  that  in  which  the  ice-tongue  lies. 
It  will  then,  after  a  longer  or  shorter  course,  return  to  the  main 
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valley.  If  it  finds  this  still  occupied  by  the  ice,  a  marginal  deposit, 
either  a  gravel  plain  or  a  delta,  will  be  formed.  Which  of  the  latter 
is  formed  will  depend  on  whether  or  not  a  marginal  lake  is  held  up  in 
the  tributary  valley.  When  such  a  deposit  is  preserved  the  two  points, 
one  where  the  stream  leaves  the  ice,  and  the  other  where  it  again 
reaches  it,  furnish  valuable  data  as  to  the  position  and  slope  of  the 
glacier  tongue  at  the  time  the  deposits  were  forming. 

TYPE  IV.      MORAINIC  CHANNELS 

None  of  the  morainic  channels  studied  show  features  worthy  of 
separate  description.  A  short  simmiary  of  the  most  characteristic 
features  of  such  channels  is  therefore  given  instead  of  detailed  descrip- 
tions of  individual  channels. 

Morainic  channels  as  seen  in  the  region  of  the  Finger  Lakes  are 
characteristically  weakly  developed.  They  are  often  short,  irregular, 
and  marked  in  many  cases  by  scarcely  more  than  a  modification  of  the 
drift  into  flat,  stream-bottom  form.  Such  a  condition  is  what  should 
be  expected.  The  ice  while  a  moraine  is  building  is  subject  to  more 
or  less  backward  and  forward  oscillation.  Temporary  streams  are 
developed  here  and  there,  and  under  most  conditions  the  great 
amount  of  morainic  d^ris  supplied  to  these  streams  causes  them  to 
aggrade  rather  than  to  degrade;  to  build  up  the  channel  bottom  rather 
than  to  cut  it  deeper.  Hence  the  prevalence  of  broad,  flat-bottomed 
channels  with  ill-defined  banks. 

TYPE  v.      GLACIAL  LAKE  OUTLETS 

Watkins  Lake  outlet.^ — The  outlet  of  Lake  Watkins,  held  up  by 
the  glacier  in  Seneca  valley,  has  already  been  described  in  part  by 
Fairchild'  and  later  by  Watson.^  Both,  however,  failed  to  see  and 
describe  the  most  interesting  part  of  the  channel — its  beginning  and 
the  first  one  and  one-half  miles  of  its  course.  Both  described  the 
channel  as  beginning  at  Pine  Valley  (Fig.  7 ;  Elmira  sheet,  U.  S.  G.  S.) 
and  continuing  southward  past  Horseheads  to  the  Chemung  River  at 
Elmira.  Pine  Valley  was  considered  the  site  of  the  lake  outlet  as  is 
shown  by  the  following  from  Watson:*  "This  channel  has  an  equally 

I  In  connection  with  his  folio  work,  Tarr  first  discovered  the  part  of  this  channel 
above  Pine  Valley. 

a  Bui.  Geol.  Soc,  Am.^  Vol.  VI,  1894-95,  pp.  365-68. 

3  N.  Y.  State  Museum  RepL,  Vol.'LI,  1897,  p.  74. 

4  Loc.  cil.t  p.  74. 
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FlO.  7. — Map  of  Watkins  Lake  outlet.  As  a  result  of  the  melting-out  of  buried 
ce  after  toe  outlet  waters  had  ceased  flowing,  one  side  and  a  part  of  the  bottom  of  the 
dyumel  just  north  of  Pine  Valley  has  dropp^  out.    Scale  1/62,500. 
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slight  gradient  northward  as  far  as  Pine  Valley  where  the  glacial 
lake  properly  began,  as  to  the  south  into  Elmira." 

The  failure  of  these  authors  to  recognize  the  true  beginning  of  the 
channel  is  probably  due  to  the  peculiar  drainage  condition  now  prev- 
alent in  the  channel.  Two  miles  north  of  Horseheads,  Catherine 
Creek  enters  the  old  channel  and,  turning  northward,  follows  it  with 
ver)'  slight  gradient  as  far  as  Pine  Valley,  where,  one-half  mile  north 
of  the  village,  its  grade  suddenly  becomes  steeper  as  it  leaves  the 
channel  and  flows  the  remainder  of  the  distance  to  Seneca  Lake  deka 
through  a  deep  drift  valley  (Fig.  7). 

The  question  at  once  suggests  itself:  Why  does  Catherine  Creek 
flow  northward  in  the  channel  in  a  direction  opposite  to  that  taken 
by  the  glacial  waters  ?  Tilting  of  the  land  may  be  suggested  as  an 
explanation,  for  it  is  well  known  from  the  studies  of  Gilbert  that  this 
part  of  New  York  has  suffered  deformation  since  glacial  tmes. 
Tilting,  however,  does  not  offer  a  solution  of  the  problem,  far  the 
land  was  tilted  toward  the  south,  with  uplift  in  the  north.  This'ilould 
increase  the  grade  of  the  channel  rather  than  decrease  it  siiflfirfently  to 
cause  a  reversal  of  drainage.  A  more  satisfactory  explanation  may  be 
found  in  the  fact  that  Newtown  Creek,  which  enters  the  channeJ  at 
Horseheads,  has  built  a  fan  across  it,  and  by  ponding  back  the  normal 
stream  in  the  channel  has  caused  the  reversal  of  drainage.  Were  it 
not  for  this  fan,  if  a  lake  were  now  held  up  in  Seneca  vaUey,  it  would 
outflow  at  Pine  Valley.  Nevertheless,  in  glacial  times  the  outlet  was 
not  here  but  was  one  and  one-half  miles  north  of  the  village  dose  to 
the  base  of  the  steep  hill  at  the  mouth  of  Johnson  Hollow. 

The  channel  at  the  beginning  has  a  width  of  700  feet;  gravelly 
bottom  and  distinct,  clear  cut,  and  approximately  straight  banks 
from  fifteen  to  forty  feet  in  height.  At  the  first  road  crossing,  one 
mile  below  the  beginning,  a  small  stream  entering  from  the  hills  on 
the  west  has  built  a  very  perfect  alluvial  fan  entirely  across  the  chan- 
nel and  caused  the  formation  of  the  shallow  pond  shown  in  Fig.  8. 
Below  this  the  channel  continues  for  about  one-half  mile  to  near  the 
road  leading  into  Pine  Valley.  For  the  next  half-mile  southward 
through  the  village  one  side  of  the  channel  and  a  part  of  the  bottom 
have  literally  dropped  out.  Near  the  road  the  west  bank  and  the 
west  half  of  the  channel  are  intact;  the  east  half  of  the  bottom  and  the 
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east  bank  have  dropped  down,  leaving  a  depression  now  occupied  in 
part  by  a  pond  at  a  level  three  or  four  feet  below  that  of  the  channel 
bottom.  Into  this  depression  and  its  continuation  northward  Cathe- 
rine Creek  now  flows.  It  is  here  that  Watson  and  Fairchild  evi- 
dently placed  the  outlet  of  Lake  Watkins. 

Obviously  there  has  occurred  here  a  settling-down  of  a  portion 
of  the  drift  in  the  central  part  of  the  valley  since  glacial  times;  cer- 


FiG.  8. — ^Watkins  Lake  outlet.  Looking  up-stream  from  a  point  one  mile  below 
the  beginning.  The  shallow  pond  in  the  foreground  is  caused  by  the  blocking  of  the 
channel  by  an  alluvial  fan. 


tainly  since  the  waters  of  glacial  lake  Watkins  ceased  flowing  through 
the  channel,  for  had  the  settling  occurred  while  the  stream  was  still 
flowing,  the  depression  thus  formed  would  immediately  have  been 
filled  with  gravel.  Besides,  had  the  depression  existed  then  as  now 
the  lake  would  have  overflowed  at  this  point  rather  than  at  a  higher 
level  farther  north. 

The  melting  of  an  ice  mass  buried  beneath  glacial  gravels  is  sug- 
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gested  as  the  cause  of  the  settling.'  Ice  thus  buried  would  melt  away 
very  slowly.  In  this  case  it  must  have  remained  at  least  until  the 
glacier  had  withdrawn  far  enough  to  permit  the  waters  of  Lake 
Watkins  to  find  an  outlet  at  a  lower  level- 

The  conditions  at  Pine  Valley  and  northward  to  Seneca  Lake 
are  especially  favorable  for  the  burial  of  an  ice  block.  In  this  part 
of  Seneca  valley,  which  is  comparatively  narrow  and  gorge-like,  there 
lay  a  long  tongue  of  ice.  The  valley  is  now  drift-filled  to  an  unknown, 
but  certainly  great,  depth,  at  least  several  hundred  feet  as  is  indicated 
by  borings  at  Watkins  and  Pine  Valley.  Presumably  at  the  time 
of  maximum  gladation  the  ice  completely  filled  the  valley  down  to  the 
rock  at  the  bottom.  As  the  glacier  retreated,  melting  would  take 
place  largely  at  the  surface,  or  at  least  more  rapidly  at  the  surface; 
with  the  result  that  at  the  surface  retreat  would  be  more  rapid  than 
deep  in  the  valley  bottom.  Since  the  glacial  waters  escaped  to  the 
south  at  a  level  certainly  considerably  higher  than  that  of  the  bottom 
of  the  ice,  outwash  gravels  from  the  more  rapidly  melting  upper  part 
would  spread  over  and  bury  the  lower  ice.  Ice  thus  buried  would 
melt  away  slowly  and  in  melting  allow  the  settling  of  the  overl)ing 
drift;  producing  conditions  like  those  actually  found  at  Pine  Valley. 

The  topography  strongly  indicates  that  the  axis  of  Seneca  valley 
for  several  miles  north  of  Pine  Valley  was  occupied  by  an  ice-block 
which  in  melting  allowed  the  slumping  of  the  overlying  drift. 

THE  JOHNSON   HOLLOW  CHANNELS 

At  the  head  of  Johnson  Hollow  (Watkins  sheet),  is  an  important 
series  of  connected  channels  illustrating  four  of  the  types  described 
in  the  preceding  pages,  and  showing  their  relations  to  each  other  and 
to  the  ice  front.     (See  map,  Fig.  9.) 

At  the  time  the  channels  were  forming,  a  lobe  of  ice  from  the  main 
Seneca  valley  tongue  pushed  into  the  Moreland  valley;  ending  near 
the  head  of  Johnson  Hollow.  At  the  same  time  the  ice  in  the  Seneca 
valley  extended  several  miles  farther  south.  The  drainage  from  the 
margin  and  end  of  the  Moreland  lobe,  together  with  a  lateral  stream 
(£)  from  the  Seneca  valley  tongue,  united  at  the  head  of  Johnson 

«  The  agency  of  a  buried  ice  mass  had  been  suggested  by  Tarr  as  an  explanation 
of  this  particular  condition,  even  before  the  direct  evidence  of  the  sinking  of  the  channel 
bottom  had  been  found. 
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Hollow  and  flowed  as  a  single  large  stream,  southward  and  south- 
eastward to  the  foot  of  the  hollow  where  it  emptied  into  a  marginal 
lake  held  up  by  the  ice  of  the  Seneca  valley  tongue. 


Fig.  9. — ^Johnson  Hollow  Channels.  The  probable  position  of  the  ice  at  the  time 
the  channels  and  delta  were  forming  is  shown  by  the  ruled  area.  The  Watkins  Lake 
outlet  begins  at  the  base  of  the  hill  near  the  southeast  comer  of  the  map.  Scale  1/62,- 
500. 

Four  of  the  channel  types,  marginal,  lateral,  marainic,  and  lake 
outlets,  are  represented  in  this  series.    Channel  B,  at  the  beginning, 
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is  strictly  marginal.  Farther  down  it  swings  behind  a  low  knoU 
probably  of  rock;  then  takes  a  straight  course  southeastward  to  the 
main  channel.  C,  which  was  probably  initiated  by  a  stream  flowing 
from  the  end  of  the  ice-lobe,  seems  later  to  have  developed  into  a 
lake  outlet,  draining  a  lake  held  up  in  the  Moreland  valley  by  the 
retreating  Moreland  lobe.  Channel  D,  formed  along  the  eastern 
margin  of  the  Moreland  lobe,  may  be  classed  as  marginal-morainic. 
It  enters  the  main  channel  £  as  a  rather  deep  trench  with  banks  only 
moderately  trinmied.  Its  lower  portion  might  well  be  mistaken  for  a 
small  valley  cut  by  a  post-glacial  stream  were  it  not  for  the  fact  that 
the  only  stream,  a  very  small  one,  which  enters  it  has  built  a  fan  across 
it.  In  its  upper  part  the  channel  becomes  shallower  and  finally  one 
bank,  the  western,  disappears.  The  other  continues  for  considerable 
distance  farther,  gradually  becoming  less  and  less  distinct. 

E  has  already  been  described  (p.  539).  The  main  channel  below 
A,  is  vcr\'  pronounced,  flat  bottomed,  and  from  four  hundred  to  six 
hundred  feet  in  width,  with  sharply  trinmied  drift  banks  twenty  to 
thirty  feet  high. 

An  interesting  drainage  condition  is  found  in  connection  with 
these  channels.  One-half  mile  below  the  junction  of  A  and  B  a 
stream  from  the  hills  on  the  east  has  built  a  fan  entirely  across  the 
channel.  This  has  completely  reversed  the  drainage  of  the  channels 
above  the  fan,  causing  all  the  water  to  flow  out  northward  through  C, 
and  thence  to  the  stream  in  the  Moreland  valley.  The  grade  of  C, 
which  was  doubtless  a  lake  outlet,  is  so  low  that  a  sUght  blocking  of 
the  channel  three-fourths  of  a  mile  below  was  sufficient  to  reverse  its 
stream. 

In  so  far  as  could  be  determined,  these  channels  were  practically 
contemporaneous  in  origin,  except  that  C  must  have  persisted  longer 
than  the  others.  There  is  no  apparent  hanging  condition  at  the 
junction  of  any  of  the  channels  \\'ith  the  main  one  as  might  be  expected 
if  the  stream  in  one  ceased  flowing  for  any  considerable  time  before 
that  in  the  others. 

At  the  foot  of  Johnson  Hollow  is  a  large  delta  formed,  apparently 
in  a  marginal  lake,  by  the  stream  flowing  down  the  channel.  The 
top  of  the  deha  is  at  the  1,000  feet  contour,  with  the  northern  part 
slightly  lower  than  the  southern.     The  delta  is  very  perfect,  with 
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an  even  slope  eastward  toward  the  ice.  There  is  evidence  that  this 
delta  was  built  against  the  ice.  Its  eastern  margin  shows  several 
deep  kettles  and  other  signs  of  the  melting  out  of  buried  ice. 

The  top  of  the  delta  is  one  hundred  feet  higher  than  the  Watkins 
Lake  outlet  channel,  which  began  only  three-fourths  of  a  mile  distant. 
This  indicates  clearly  the  deposition  of  the  delta  material  in  a  marginal 
lake  rather  than  in  Lake  Watkins.  There  is  good  evidence  that 
while  a  large  stream  was  still  coming  down  Johnson  Hollow,  the  ice 
melted  out  sufficiently  from  Seneca  valley  to  cause  the  draining  of  this 
marginal  lake  and  to  bring  about  the  initial  stage  of  Lake  Watkins 
at  a  level  one  hundred  feet  lower.  At  this  level,  just  opposite  the 
beginning  of  the  outlet  channel  is  a  second  delta  built  into  Lake 
Watkins  by  a  stream  from  Johnson  Hollow.  While  forming  the 
lower  delta  the  stream  cut  a  broad  channel  though  the  one  first  formed. 

The  Johnson  Hollow  series  of  channels  presents  many  features  of 
interest.  It  shows  that  while  an  ice-tongue  lay  in  Seneca  valley,  at 
least  as  far  as  Millport,  a  lobe  pushed  westward  into  the  Moreland 
valley  and  ended  approximately  at  the  head  of  Johnson  Hollow.  It 
also  illustrates  the  case  of  a  stream  leaving  the  ice  at  one  point  and 
returning  to  it  at  a  lower  level  several  miles  distant.  This  gives  a 
means  of  estimating  the  ice  slope,  which  seems  to  have  been  about 
sixty-six  feet  per  mile.  There  is  a  possibility,  however,  though  from 
the  evidence  it  seems  very  improbable,  that,  while  the  upper  delta  was 
building  in  the  marginal  lake,  the  ice-lobe  from  which  the  stream  came 
pushed  for  considerable  distance  into  Johnson  Hollow;  and  that  it 
was  only  during  the  building  of  the  later  delta  in  the  early  stage  of 
Lake  Watkins  that  the  channels  at  the  head  of  Johnson  Hollow  were 
formed.  If  this  were  the  case,  the  ice  margin  might  have  had  a  con- 
siderably greater  slope,  for  the  ice-tongue  would  not  then  necessarily 
reach  as  far  south  as  the  delta. 

SUMMARY 

Our  study  of  the  Finger  Lake  channels  has  brought  out  some 
features  of  interest  and  importance.  It  has  shown,  in  the  first  place, 
the  large  number  of  these  channels.  It  has  shown  also  that,  although 
from  their  nature  the  greater  number  of  the  channels  now  visible 
were  formed  during  the  final  retreat  of  the  ice,  a  considerable  per- 
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centage  have  an  earlier  origin.  In  some  of  these  cases  all  that  can  be 
said  concerning  the  time  of  their  formation  is  that  they  antedate  the 
final  retreat  of  the  last  ice-sheet.  In  others,  notably  Cayuta  Gorg? 
channel,  the  development  of  tributary  gorges  subsequent  to  the 
channel  cutting  points  unquestionably  to  one  or  more  interglacial 
intervals  at  least  several  times  longer  than  post-glacial  time. 

Clear  evidence  of  the  burial  and  subsequent  melting  of  large  ice 
masses,  with  consequent  settling  of  the  overlying  drift,  has  been  found 
in  one  of  the  channels.  Under  ordinary  conditions  it  would  be  diffi- 
cult to  obtain  conclusive  evidence  of  settling  caused  by  melting  ice 
because  of  the  difficulty  of  distinguishing  the  resulting  depressions 
from  normal  morainic  topography.  When,  however,  such  a  sink- 
ing lowers  a  portion  of  the  bottom  of  a  large  stream  channel,  the 
evidence  is  clear. 

One  of  the  most  important  features  of  these  channels  is  that  they 
show  the  direction  of  the  ice  flow,  and  in  this  are  of  great  value  in  the 
mapping  of  the  glacial  geology  of  a  region.  In  favorable  cases, 
especially  in  connection  with  lateral  channels,  it  is  possible  to  ascer- 
tain the  slope  of  the  ice  with  a  very  fair  degree  of  accuracy. 

Glacial  channels  are  easily  recognized.  They  are  characteristi- 
cally flat  bottomed  and  arc  usually  swampy.  The  banks,  in  almost  all 
cases,  are  distinct  and,  except  where  disturbed  by  cultivation,  show 
little  effect  of  post-glacial  degradation. 
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The  work  on  which  this  paper  is  based  covers  a  number  of  years 
and  a  variety  of  marine  sea-coasts.  Sand  formations  have  been 
studied  by  the  writer  on  different  coasts  in  Europe,  on  sea-shores  in 
Australia,  South  Sea  Islands,  North  and  Central  America.  In  a 
recent  paper*  the  origin  and  development  of  such  sand  formations 
have  been  discussed  and  it  is  the  intention  to  present  here  some 
observations  on  the  wind  in  its  relation  to  the  topographical  features 
of  these  sands. 

As  a  geological  agent  the  wind  exercises  a  considerable  modif}dng 
power,  although  its  character  is  \ery  unsteady.  It  manifests  its 
influence  by  carrying  fine  particles  of  soil,  depositing  these,  denuding 
rocks  that  stand  in  its  way,  and  indirectly  affecting  the  topography 
of  the  earth's  surface  by  distributing  moisture  and  limiting  vegetation. 

The  moving  sands  of  sea-shores  afford  ample  opportunity  for  study 
of  the  methods  of  the  wind  in  its  work  of  denudation.  It  can  often 
be  seen  how  the  sand  carried  over  the  surface  of  rocks  sometimes 
wears  them  quite  smooth,  or  covers  them  with  scratches  and  furrow 
marks.  This  abrasion  by  the  wind-transported  material  is  always 
noticeable  in  dune  districts,  at  least  on  the  wind-worn  pebbles,  but 
also  on  the  remains  of  trees  which  have  been  partly  buried  by  the  drift- 
ing sand,  and  then  the  protruding  parts  have  been  slowly  carved  and 
worn  by  the  sand  (Fig.  2). 

In  its  weathering  action  wind  has  a  constant  tendency  to  break 
down  the  stones,  gravel,  and  coarser  soil  particles  into  fine  dust,  and 
it  is  assisted  in  this  work  by  the  moisture.  If  it  was  not  for  the  loose- 
ness of  the  sand,  which  allows  the  rain  to  percolate  rapidly  and  thus 
to  carry  the  fine  dust  deep  into  the  ground,  the  persistent  combined 
action  of  wind  and  moisture  would  suffice  to  prepare  the  quantity  of 

»  Pehr  Olsson-Seffer,  "Genesis  and  Development  of  Sand  Formations  on  Marine 
Coasts/'  Boletin  de  la  Sociedad  de  Geogrdfia  y  Estadistica,  Mexico  (in  press). 
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fine  material  needed  to  supply  plants  with  sdubk  substances,  and 
thus  to  allow  a  cover  of  vegetation  to  gain  a  foothold. 

The  action  of  wind  as  a  transporting  agent  when  removing  the 
denuded  rock  material,  whether  soluble  or  insoluble,  as  soon  as  it 
appears  at  the  siuface  is  one  of  the  most  important  factors  in  the 
denudation  processes.  Walther*  calls  this  phenomenon  deflation 
and  he  considers  it  to  be  of  e\-en  more  consequence  than  abrasion. 
Through  deflation  fresh  rock  is  consequently  exposed  to  the  eroding 
forces,  and  it  is  e\ident  that  this  action  must  be  considerable^  especially 
on  the  coasts  with  their  moist  climate. 

The  softer  strata  of  rocks  are  worn  more  deeply  by  deflation,  co- 


FiG.  I. — Established  and  rejuvenated  dune  surface  at  Fremantlc,  Western  Aus- 
tralia. 

operating  with  abrasion,  and  the  harder  layers  are  left  to  form  comice-S. 
On  account  of  the  abrasion  being  greater  near  the  surface  where  the 
wind  current  carries  a  greater  load  of  sand,  the  lower  parts  of  rocks 
are  often  eroded  more  rapidly  than  the  upper.  Evidence  of  this 
can  be  seen  in  the  " balancing  rocks"  not  infrequently  occurring  in  the 
neighborhood  of  extensive  sand  formations.  The  writer  has  seen  such 
rocks  on  many  coastal  sands,  near  Port  Fairy  in  Victoria,  for  instance, 
on  the  West  Australian  coast,  at  Port  Said  in  Egypt,  and  at  Carmel 
Bay  in  California. 

It  is  especially  the  fine  particles  of  sand  which  are  liable  to  be 
transported  by  the  wind ;  but  as  the  fine  sand  retains  its  moisture  better 
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than  that  of  coarser  texture,  because  of  its  greater  capillarity,  it  is 
evident  that,  if  some  means  are  furnished  which  increase  the  amount 
of  moisture,  or  rather  lessen  the  evaporation,  the  action  of  wind  will 
be  in  a  measure  counterbalanced.  This  is  accomplished  by  a 
vegetative  covering,  which  fixes  the  sand  and  thus  protects  it  against 
the  influence  of  the  air  currents.  The  climatic  conditions,  especially 
a  larger  or  smaller  degree  of  moisture,  is  therefore  a  great  factor  in 
the  development  of  eolian  sand  formations. 

It  is  a  matter  of  everyday  observation  that  the  velocity  of  the 
wind  changes  rapidly  and  varies  considerably.  A  wind  which  appears 
to  be  very  uniform  is,  when  subjected  to  close  observation,  only  a 
series  of  gusts  following  each  other  with  mtervals  of  lesser  velocity, 
and  even  of  complete  calm.  The  carrying  capacity  of  the  wind  is, 
therefore,  also  very  variable.  The  wind  that  one  moment  carries 
and  drops  pebbles,  a  few  minutes  later  carries  only  sand  for  deposi- 
tion, and  finer  sand  follows  coarser. 

A  series  of  observations  made  by  the  writer  in  this  connection  will 
here  be  referred  to. 

Methods  of  observation. — The  experiments  were  conducted  on  the 
sandy  beach  north  of  Fremantle  in  Western  Australia  during  Septem- 
ber and  October,  1902,  and  they  were  intended  to  ascertain  the  carry- 
ing capacity  of  wind  of  certain  velocities,  as  well  as  the  effect  of  these 
winds  on  the  movements  of  the  sand. 

For  measuring  the  velocity  of  wind  I  used  anemometers  of  Crova 
type,  purchased  from  Negretti  and  Zambra  in  London.  The  in- 
strument was  placed  on  a  support  steadily  secured  in  the  sand,  and 
elevated  5  cm.  above  the  ground.  It  was  not  practicable  to  lower 
the  apparatus  more,  because  nearer  the  surface  the  amount  of  sand 
particles  carried  by  the  air  current  was  still  greater  than  at  the  eleva- 
tion chosen,  and  I  found  that  the  results  were  somewhat  influenced 
by  the  density  of  the  sand-shower. 

Samples  of  sand  of  different  grain  sizes  were  secured  by  sifting 
through  sieves  with  meshes  of  known  diameter.  Three  sizes  were 
used,  0.2  mm.  (fine  sand),  0.3  (medium  sand),  and  0.6  (coarse  sand). 

Of  each  kind  of  sand  a  quantity  of  about  5  cu.  dm.  was  dyed  with 
different  colors,  black,  bright  blue,  and  orange  being  considered  the 
most  suitable  and  best  distinguishable  from  the  natural  sand.    The 
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sand  was  dyed  in  colored  water  and  then  thoroughly  dried.  By 
weighing  the  colored  sand  I  satisfied  myself  that  the  weight  had  not 
materially  increased  through  this  process.  At  the  time  the  obsen'a- 
tions  were  made,  this  colored  sand  was  laid  out  in  ridges  transverse  or 
parallel  to  the  direction  of  the  wind  or  in  small  heaps,  the  different 
results  being  noted  in  each  case. 

In  order  to  ascertain  the  height  to  which  different  grades  of  sand 
were  lifted  by  the  wind  I  devised  a  simple  contrivance,  which  seemed 


Fic.  2. — Establi>hc<l  dune  dcstroyctl  by  the  wind.     Near  Southport,  Queensland. 


to  fill  the  purpose.  Five  sheets  of  corrugated  iron  held  together  by 
a  frame,  were  placed  above  each  other  at  a  distance  of  2  cm.  with  the 
lowest  lloor  resting  on  the  ground,  and  with  the  wrinkles  at  right 
angles  to  the  direction  in  which  the  sand  moved.  The  front  of  each 
sheet  was  flattened  for  about  12  cm.,  so  as  not  to  give  any  obstruction 
to  tlie  wind  or  sand.  These  sharp,  parallel  edges  divided  the  sand- 
shower,  and  the  grains  were  collected  in  the  folds  of  the  apparatus. 
By  closing  the  front  and  sweejnng  the  different  "floors"  samples 
for  examination  were  secured.  For  the  sake  of  brevity  I  have  in  the 
following  pages  spoken  of  this  apparatus  as  the  "sand  separator.** 
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As  my  object  was  principally  to  find  out  the  influence  of  wind  in  the 
layers  near  the  surface  or  those  which  carry  the  greatest  quantity  of 
sand  and  come  into  contact  with  the  lowest  strata  of  the  vegetation,  I 
did  not  have  the  sand  separator  arranged  to  receive  sand  which  was 
lifted  higher  than  8  cm.  above  the  surface. 

It  seemed,  further,  to  be  of  considerable  interest  to  know  how 
great  the  difference  of  the  velocity  of  wind  was  on  level  and  broken 
ground,  and  consequently  to  what  extent  a  rough  surface  influenced 
the  movement  of  sand.  On  a  vacant  lot,  south  of  Fremantle,  where 
the  sand  had  been  covered  with  a  layer  of  loam  for  agricultural 
purposes,  I  had  opportunity  to  make  some  observations  in  that 
direction,  and  subsequently  I  measured  the  surface  velocity  of  air  on 
a  grassy  plot  adjoining  a  field  of  drifting  sand. 

Day  after  day  the  experiments  were  continued  under  different  con- 
ditions of  wind  and  humidity,  and  with  the  aid  of  an  assistant  I  was 
able  to  make  careful  observations  of  the  tactics  of  the  moving  sand, 
and  to  secure  some  results  which  are  not  without  interest. 

Velocity  of  wind. — Of  the  hourly  registrations  made,  those  for  six 
days  will  be  given  as  samples.  The  place  of  observation  was  on  an 
open  beach,  40  m.  from  shore.  Angle  of  sloping  about  12°.  The 
following  table  indicates  the  result.    Velocity  in  meters  per  second. 


I 

II 

III 

IV 

V 

VI 

7     A.M 

0.6 

"•3 

10.9 

8.6 

31 

10.4 

8         

1-3 

".5 

".3 

12.7 

3-9 

10.9 

9         

1.9 

131 

14.2 

14. 1 

^l 

"5 

10       

2.4 

13.8 

15.7 

14.9 

5.6 

14.2 

II       

2.1 

14.6 

18.2 

23.7 

T'l 

'§1 

12       

4.5 

15-9 

19.5 

22.5 

7.6 

18.6 

I  P.M 

4.9 

17.6 

16.3 

23.2 

7-9 

18.9 

2            

6.0 

19.4 

14.9 

14. 1 

8.7 

17.2 

3         

12.8 

22.4 

15.1 

22.6 

".3 

18.4 

4          

139 

21.2 

15-6 

22.3 

14. 1 

20.2 

5         

13-7 

19.6 

13-2 

14.7 

II. 6 

19.7 

6         

13.3 

18.3 

12.9 

20.4 

8.7 

16. 1 

Result  of  experiments  on  carrying  capacity. — x\  few  of  the  observa- 
tions made  will  here  be  given  to  show  the  details  obtained.  The 
Roman  numerals  refer  to  corresponding  days  in  the  table  of  velocities. 

I.  No  drifting  was  observed  in  the  forenoon.  Slight  movement 
was  noticed  between  i  and  2  o'clock.    During  the  next  hour  the  sand 
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separator  had  received  a  quantity  of  grains  on  each  floor.  Mechanical 
analysis  of  these  grains  showed  that  on  the  lowest  floor  A,  on  a  level 
with  the  surrounding  ground  where  the  greatest  quantity  of  sand 
had  collected,  many  different  grades  were  represented.  This  is  self- 
evident  as  the  grains  here  had  only  rolled  and  not  been  lifted  by  the 
wind;  at  least  not  higher  than  2  cm.,  in  which  case  they  were  inter- 
cepted by  the  next  higher  floor  B.  The  wind  was  gusty,  but  the  force 
of  the  separate  gusts  was  comparatively  uniform,  and  the  intervals  of 
wind  of  lesser  velocity,  brief  and  somewhat  regular  in  length. 

PERCENTAGE  OF  DIFFERENT  GRADES 

Diameter  in  mm.  Per  Cent. 

Floor  A. — 0.02-0.05 trace 

0.05-0.1 2.2 

0.1  -0.2 13. 1 

0.2  -0.3 56.2 

0.3-0.5 21.5 

0.5-1 5.6 

I      -2 1.4 

Floor  B. — o.o2-»o.o5 0.8 

0.05-0.1 5.2 

0.1-0.2 42.9 

0.2  -0.3 44.5 

0.3  -0.5 6.6 

Floor  C. — 0.02-0.05 12.3 

0.05-0.1 16.6 

0.1-0.2 58.4 

0.2  -0.3 10.7 

0.3  -0.5 2.0 

Floor  D. — 0.02-0.05 37-4 

0.05-0.1 56.7 

0.1-0.2 5.9 

Floor  E. — 0.02-0.05 72.5 

0.05-0.1 26.3 

0.1  -0.2 1.2 

The  coarsest  material  with  certainty  lifted  by  a  wind  of  a  velocity 
of  12.8  m.  per  second  was,  as  indicated  by  the  above  table,  medium 
sand,  and  the  greatest  height  to  which  this  sand  was  lifted,  4-6  cm. 

During  the  same  period  of  time  the  colored  sand  samples  exposed 

to  the  wind  were  distributed  as  follows: 

Fine  sand 12  m. 

Medium  sand 12 

Coarse  sand 7.5 

II.     During  morning  hours  the  drifting  was  insignificant  as  the 

surface  of  the  ground  was  still  somewhat  moist  with  the  abundant 
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dew  fall.  But  at  9  o'clock,  although  the  force  of  wind  had  not  in- 
creased much,  the  sand  was  moving  briskly  and  the  shifting  continued 
through  the  day. 

The  sand  separator  was  kept  at  the  same  distance  from  shore  as 
on  day  I,  but  the  ground  was  so  slightly  sloping  as  to  be  almost  hori- 
zontal. The  day  was  warm  and  the  sand  quite  dry.  From  2  to  3 
o'clock  the  separator  was  in  action,  and  subsequent  analysis  gave  the 
following  result: 

PERCENTAGE   OF  DIFFERENT  GRADES 

Diameter  in  mm.  Per  Cent. 

Floor  A. — 0.02-0.5 trace 

0.05-0.1 6.4 

0.1-0.2 10.2 

0.2-0.3 41.3 

0.3  -0.5 28.4 

0.5-1         9.6 

1-2         3.5 

2-4        0.6 

Floor  B. — 0.02-0.05 ^-7 

0.05-0.1 3.3 

0.1-0.2 26.5 

0.2  -0.3 47.8 

0.3  -0.5 14.1 

0.5  -I         6.6 

Floor  C. — 0.02-0.05 5.1 

0.05-0.1 10. o 

0.1-0.2 23.4 

0.2-0.3 4^-2 

0.3  -0.5 6.7 

0.5-1  3-6 

Floor  D. — 0.02-0.05 16.3 

0.05-0.1 34.7 

0.1  -0.2 28.5 

0.2  -0.3 12. 1 

0.3  -0.5 8.4 

Floor  E. — 0.02-0.05 32.5 

0.05-0.1 34.1 

0.1  -0.2 16.8 

0.2-0.3 5.4 

0.3-0.5  .     . 1.2 

A  wind  with  a  velocity  of  22 . 4  m.  per  second  was  thus  able  to  lift 
mediiun  sand  at  least  8  cm.  and  coarse  sand  4-6  cm.  The  coarsest 
grsdns  at  all  raised  above  the  surface  had  a  diameter  of  i  mm. 

As  for  the  distance  to  which  the  wind  was  able  to  transport  colored 
grains  I  found  grains  4.3m.  away  from  the  original  place  of  exposure 
after  15  minutes,  while  grains  of  0.2  mm.  diameter  were  carried  at 
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least  as  far  as  12  m.  where  they  were  intercepted  by  a  white  canvas 
sheet.  These  distances  are  only  relative  values  of  the  carrying  capa- 
city, as  they  show  only  what  has  been  observed  with  the  crude  methods 
employed;  a  number  of  grains  are,  no  doubt,  carried  much  farther 
but  cannot  be  distinguished  on  the  sandy  groimd. 

IV.  From  about  8 : 1 5  a.  M.  the  sand  was  drifting  slowly,  increaang 
by  degrees  with  the  increase  of  force  of  wind  and  the  rise  of  tempera- 
ture and  consequent  desiccation  of  the  sand.  Shortly  after  noon  a 
damp  fog  came  driving  inland  from  the  ocean,  and  a  decrease  in  the 
movement  of  the  sand  was  at  once  evident.  A  small  shower  of  rain 
followed  and  drifting  ceased  completely.  Evaporation  was  not  suffi- 
cient to  dry  the  sand  during  the  rest  of  the  day,  and  in  spite  of  the 
comparatively  high  wind  no  more  drifting  was  observed. 

VI.  Between  10  and  1 1  o'clock  in  the  forenoon  the  separator  was 
at  work,  and  collected  samples  of  sand,  the  mechanical  analysis  of 
which  is  given  below.  The  sand  was  completely  dry  to  a  depth  of 
about  5  cm.  and  the  separator  was  placed  on  ground  sloping  in  an 
angle  of  25  degrees. 

PERCENTAGE   OF  DIFFERENT  GRADES 


Diameter  in  mm. 

Floor  A. — 0.02-0.05 

0.05-0.1 

O.I  -0.2 

0.2  -0.3 

0.5  -I 
I  .       -2. 

Floor  B. — 0.02-0.05 
0.05-0.1 
0.1  -0.2 
0.2  -0.3 

Floor  C. — 0.02-0.05 
0.05-0.1 
0.1  -0.2 
0.2  -0.3 

0.3  -^-s 

Floor  D. — 0.02-0.05 
0.05-0.1 
0.1  -0.2 
0.2  -0.3 

Floor  E. — 0.02-0.05 
0.05-0.1 
0.1  -0.2 
0.2  -0.3 


Percent. 

trace 
1.6 

10. 5 

60.1 

17.8 

6.7 

3-3 
trace 

3-8 
37-3 
51.9 

7.0 

5.7 
12.4 
61.3 

14.5 

6.1 

21.3 

63  9 
12.6 

3-2 
64.8 
28.6 
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A  wind  with  a  velocity  of  15 . 7  m.  per  second  was  thus  able  to  lift 
grains  of  9.3  mm.  diameter  to  a  height  of  6-8  cm.,  and  experiments 
for  ascertaining  the  distance  to  which  such  grains  were  carried  by  the 
same  wind  showed  this  to  be  8.6  m.  in  30  minutes. 

The  few  examples  given  are  typical  of  a  larger  number  (24)  of 
mechanical  analyses  of  series  of  samples  collected  with  the  sand 
separator  during  wind  of  different  strength,  but  it  is  hardly  necessary 
to  furnish  additional  data,  as  a  discussion  of  the  facts  given  will 
bring  out  the  points  wanted  for  our  present  purpose. 

For  the  solution  of  the  problem  of  the  carr3dng  capacity  of  the 
wind,  it  is  of  primary  importance  to  know  whether  the  velocity  is 
changing  on  or  near  the  surface.  Among  the  observations  on  velocity 
of  wind  in  different  heights,  which  have  been  recorded,  we  may  men- 
tion those  by  Stevenson,  Montaigny,  Ragona,  and  Sokoloff.  All 
these  experiments  show  that  the  velocity  increases  considerably  with 
the  height. 

A  very  significant  feature  of  the  above  tables  is  that  the  bulk  of 
sand  on  the  two  lowest  floors  is  of  such  uniform  size.  I  take  this  to 
indicate  that  the  velocity  of  the  lowest  layers  of  air  must  be  com- 
paratively uniform,  while  the  higher  currents  are  of  a  more  gusty 
character  and  are  able  to  pick  up  the  smaller  grades  of  grains  and 
lift  them  higher.  It  is  an  accepted  fact  that  a  current,  which  carries  a 
load,  is  retarded,  and  the  retardation  is  greater  the  larger  the  particles 
moved.  Nearest  to  the  ground  there  is  a  layer  which  on  account  of 
the  friction  agsdnst  the  uneven  surface  is  comparatively  inert,  and  we 
know  that  the  velocity  of  the  current  in  this  layer  increases  only  at 
a  very  slow  rate  with  an  increase  in  the  speed  of  the  layers  next  above 
it.'  These  circumstances  put  together  tend  to  support  the  above 
theory  that  the  movement  of  the  lowest  layer  of  the  atmosphere  is 
more  uniform  than  the  higher. 

Although  the  bulk  of  sand  on  the  lowest  floor  of  the  separator  is 
greater  than  on  any  of  the  higher,  the  difference  between  the  quantity 
of  sand  on  A  and  B  is  not  very  remarkable.  I  understand  this  to 
prove  that  the  larger  part  of  sand  moved  by  the  wind  is  lifted  from 
the  ground,  if  only  for  a  short  distance.  It  seems  at  first  sight  as  if  all 
the  material  on  the  lowest  floor  or  on  the  same  level  as  the  ground, 

s  J.  A.  Udden,  The  Mechanical  Composition  of  Wind  Deposits,  1898,  p.  24. 
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had  been  pashed  forward  or  rolled  on  the  surface.  But  the  opening 
between  the  floors  is  high  enough  to  allow  a  con^derable  part  of  the 
grains  to  be  lifted  above  groimd.  It  seems  most  likely  to  me  that  the 
sand  is  moving  in  short  jumps. 

DifTerent  opinions  have  been  expressed  on  this  question.  Br^- 
montier  considered  that  the  sand  is  not  lifted  to  any  considerable 
height  as  he  says: 

Chacun  des  grains  de  sable  dont  dies  (les  dunes)  aont  composdes  n'est  pas 
assez  gros  pour  r^sister  aux  vents  d'une  certaine  force;  ni  assez  petit  pour  6tre 
enlev^  comme  de  la  poussi^re,  ils  ne  font  que  rouler  sur  la  surface  dont  ils  sont 
arrach^y  s'd^vent  rarement  k  plus  de  3  k  4  pouces  d'hauteur.' 

Andersen'  also  maintains  that  the  grains  are  mostly  rolled  on  the 
surface.  Berendt,  Hagen,  and  Sokoloff,  among  others,  admit  that  it 
is  lifted  quite  high;  the  latter^  correctly  assumes  that  the  many  diflfer- 
ent  theories  on  this  question  most  likely  depend  on  the  fact  that  the 
observations  refer  to  different  places  on  the  dunes  sometimes  to 
the  front  slope,  in  other  cases  to  the  summit  or  to  the  leeward 
side. 

Udden-*  discusses  this  question  in  following  words: 

Materials  finer  than  dune  sand  are  wholly  lifted  up  into  swifter  currents 
which  promptly  move  them.  The  dune  sand  itself,  on  the  other  hand,  is  partly 
lifted  and  also  partly  rolled  just  as  the  grains  of  the  nearest  larger  sizes.  Working 
in  this  last  manner  the  transporting  power  of  the  wind  varies  more  nearly  in  approxi- 
mation to  its  erosive  force  than  to  its  lifting  force.  With  changes  in  velocities  the 
latter  varies  as  the  sixth  power  while  the  erosive  force  varies  as  the  square.  It  is 
therefore  much  easier  for  the  coarser  ingredients  to  be  rolled  along  with  the  dune 
sand  than  it  is  for  the  dune  sand  to  be  picked  up  and  carried  away  with  the  finer 
ingredients. 

This  holds  true  and  the  cause  of  the  greater  resistance  of  the  finer 
material  is  simply  the  greater  coherence  of  the  finer  soil  particles. 
In  drawing  any  inferences  with  regard  to  these  matters  we  must  not 
forget,  however,  the  influence  which  is  exerted  by  the  slope.  On  a 
horizontal  surface  the  effect  of  wind  is  not  so  great  as  on  a  slope. 

»  "Mdmoirc  sur  les  dunes,"  Ann.  dts  ponts  ei  chaussSes  (i),  1883,  P*  ^4^- 
«  Om  Klitlormationen^  186 1,  p.  57. 

3  Sokoloff,  Die  Dunen^  1894,  p.  79. 

4  The  Mechanical  Composition  oj  Wind  Deposiis,  1888,  pp.  24  ff. 
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This  has  been  shown  by  Sokoloff '  and  two  of  the  experiments  already 
described,  those  on  days  I  and  II,  illustrate  the  same  fact.  Although 
in  the  latter  case  the  wind  was  swifter  with  nearly  lo  meters  per 
second  the  quantity  of  material  moved  as  well  as  the  percentage  of  the 
coarser  grades  was  only  very  little  larger  than  in  the  former  case, 
when  the  separator  was  placed  on  a  sloping  surface. 

Any  obstruction  that  comes  in  the  path  of  the  wind  will  greatly 
reduce  its  force  and  consequently  lessen  the  movements  of  the  sand. 
It  is  on  this  principle  that  some  of  the  methods  of  arresting  drift 
sand  are  based.  Planting  rows  of  grasses  or  trees,  or  the  making  of 
fences  of  sticks  and  other  material  on  the  dunes  are  means  employed 
for  this  piuT)ose.  Scanty  rows  of  grasses  act  more  effectively  as  wind- 
breaks than  as  regular  binders  of  the  soil,  and  in  planting  such 
**sandstays"  it  is  important  to  get  the  right  distance  between  the 
rows,  which  varies  at  different  localities  with  the  exposure  to  wind 
and  coarseness  of  the  sand.  If  the  local  conditions  have  not  been 
studied  and  if  the  disposal  of  the  windbreaks  has  not  been  done 
properly,  the  results  will  be  unsatisfactory.  Too  long  distance 
between  the  rows  will  not  prevent  drifting,  and  too  close  planting  is 
unnecessarily  expensive. 

The  experiments  conducted  for  the  purpose  of  ascertaining  differ- 
ence in  velocity  of  wind  on  an  even  and  a  rough  surface  gave  the  results 
shown  below: 


Number 

NUICBES 
OF 

Observations 

Mean  Velocitv  per  Second  in  Meter 

OF 

Ssuxs 

On  Even 
Surface 

On  Rough 
Surface 

On  Gnus 
Covered  Surface 

I 

7 
II 

I 
I 

8.4 
10.2 

4.6 

9.8 
16.2 

5.4 

5.2 
6.8 
3.1 
6.3 
10.6 

3-7 

4.3 
5-8 
2.6 

II 

m 

IV 

5.1 
8.7 
3.0 

V 

VI 

The  following  compilation  of  these  results  will  show  the  actual 
difference  of  velocities  as  well  as  the  proportion  expressed  in  per 
cent,  of  velocity  on  the  even  surface. 

>  Die  DUnen,  1894,  p.  289. 
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not  give  any  informarion  about  the  method  by  which  his  results  were 
obtained  so  that  actual  comparison  is  imposdble.  I  consider  the 
diflerence  as  being  of  minor  importance,  as  bv  both  these  series  of 
exj>eriments  it  is  cleariy  shown  that  the  velocit}'  of  wind  over  a  smooth 
surface  is  at  least  34.7  per  cent,  greater  than  on  uneven  ground. 
Again,  the  velocity  on  gra-sy  ground  is  still  less  than  on  bare  rough 
surface.  This  is  a  fact  of  some  practical  importance  in  connection 
with  planting  on  sandy  soils,  and  it  has  a  bearing  of  considerable 
weight  on  the  vegetation  on  sand  formations. 

Through   the   investigation  of  Kihlman,'   Warming,^    Hansen,^ 

»  Destructive  Effects  of  Winds  on  Sandy  Sails  and  Light  Sandy  Loams  uHih  Methods 
of  Preiention,  f:ieventh  Annual  Report  of  Agricullural  Experiment  Station  of  Wis- 
consin University,  1895,  P-  332- 

»  Pflanzcnbiologische  Studien  aus  Russisch  Lappland,"  Acta  Soc.  F.  Fl.  F..  VI, 
1890. 

3  Plantesamfuftd,  1895;  "Der  Wind  als  pflanzengeographischer  Faktor,"  Engl- 
hot.  Jahrb.,  Vol.  XXXI,  1902. 

4  Die  Vegetation  der  ostfriesischen  Inseln^  1901. 
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and  others,  it  is  now  a  well-established  fact  that  the  movements  of 
the  atmosphere  are  of  the  greatest  importance  for  the  plants,  especially 
because  of  the  influence  of  winds  on  the  transpiration  processes. 
Viiih  regard  to  vegetation  on  coastal  sands  wind  is  a  factor  of  par- 
ticular moment.  The  difference  in  wind  velocities  on  open  soil, 
on  a  surface  more  or  less  uneven,  or  covered  with  a  more  or  less  dense 
vegetation,  is  therefore  of  great  significance,  and  we  shall  be  able  to 
show  some  effects  of  this  eolian  influence  in  the  following  pages. 

The  direction  of  wind  on  different  shores  is  further  a  factor  which 
must  not  be  overlooked  as  it  plays  an  important  rdle,  not  only  in  the 
development  and  topography  of  the  sand  formations,  but  also  in  the 
distribution  of  plants  on  the  coast. 

As  a  general  rule  we  can  lay  down  the  law  that  on  every  coast 
where  sand  dimes  occur  the  offshore  wind  is  prevailing.  There  are, 
however,  a  great  many  exceptions  to  this  rule,  where  the  local  topog- 
raphy or  other  factors  have  been  the  cause  of  dime  development. 

On  some  coasts,  as  that  of  Jutland,  where  the  supply  of  marine 
sand  seems  to  be  inexhaustible,  the  prevailing  westerly  winds  from 
the  sea  drive  the  sand  inland  from  the  beach,  continuously  adding 
to  the  volume  of  sand.  On  other  coasts,  as  that  of  Gascony,  strong 
land  winds  occur,  which  often  return  considerable  quantities  of 
sand  to  the  sea. 

On  the  Pacific  coast  of  America  near  San  Francisco,  and  near 
Salina  Cruz  in  Mexico  I  noticed  that  the  sand  cast  upon  the  beach 
by  the  northerly  and  westerly  winds  was  again  driven  back  into  the 
sea  by  the  winds  from  the  south  and  east.  Similar  conditions  exist 
on  many  other  coasts  where  the  topography  is  favorable  to  such  a 
forward  and  backward  movement. 

The  force  of  the  wind  is  augmented  or  diminished  according 
to  the  season,  but  the  result  as  regards  sand  formations  depends 
greatly  upon  the  direction  of  the  coast.  On  the  windward  side  of 
many  islands  high  dunes  are  formed,  as  for  instance  on  the  northern 
coast  of  Oahu  in  the  Hawaii  group  where  they  reach  about  30  feet. 

Typical  coastal  sand  formations. — Very  little  variation  is  noticed 
in  the  formation  of  sand  drifts  on  marine  coasts.  Wherever  the 
drifting  sand  encounters  an  obstacle  in  its  way  such  as  a  shrub  or  a 
piece  of  wood,  or  a  rock,  there  it  deposits  on  the  leeward  side.    Gener- 
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ally  we  meet,  however,  with  a  level  beach  of  a  varying  width,  and  then 
the  coastal  dune  rises  slowly  at  an  angle  varying  from  4-16®  on  the 
wind  side.  Its  height  varies  on  different  coasts  according  to  the 
supply  of  material  and  the  prevailing  direction  of  the  wind. 

On  very  long,  straight,  and  open  coasts  the  wind  strikes  the  sand 
over  a  long  distance  with  the  same  force  and  under  almost  identical 
conditions.  On  such  coasts  we  find  long  stretches  of  dunes  showing 
a  little  diversified  topography.  As  a  rule  the  dunes  are  very  little 
curved  and  nm  at  right  angles  to  the  direction  of  the  wind. 

The  diurnal  variation  of  direction  and  force  of  winds  which  always 
is  considerable  on  marine  coasts  exercises  some  influence  upon  the 
development  of  the  drift-sand  formations.  The  angle  of  deflection 
from  the  direction  of  the  annual  wind  resultant  differs  in  sunmoier  and 
winter,  and  from  observations  of  these  meteorological  data  in  a 
locahty  with  drift  sands  it  is  possible  to  calculate  to  some  extent  as 
to  the  annual  movement  and  changes  of  the  sand  formations. 

Usually  the  downward  eddy  behind  the  coastal  dune  sweeps  over 
the  stretch  of  land  immediately  following,  and  regular  dunes  are  not 
formed  before  some  distance  from  the  coastal  dime.  These  first 
dunes  are  formed  round  some  obstacle,  and  their  form  is  usuaUy  oval, 
pointing  toward  the  wirtd  and  the  coast,  but  sometimes  crescentic, 
and  convex  to  the  wind.  These  small  advance  dunes  are  followed 
by  trains  of  large  dunes,  nearly  uniform  in  shape.  The  wind  sweeps 
with  brisk  velocity  upward  along  the  gentle  gradient  and  carries  the 
sand  to  the  brink  where  it  is  deposited  on  the  steep  lee-side  which  is 
further  increased  by  the  undercutting  of  the  eddy. 

Beyond  the  reach  and  influence  of  the  strong  sea  breeze  the  dunes 
are  more  irregular,  and  lateral  inequalities  are  formed  connecting  the 
various  individual  dunes  into  long  ridges.  These  travel  forward  in  a 
continuous  march,  slowly  but  surely.  The  form  and  location  of  the 
drift  changes  gradually. 

A  dune  region  shows  a  more  or  less  undulating  surface,  which 
suddenly  may  be  broken  up  into  quite  high  hills  or  ridges.  Some- 
times, when  the  forward  march  of  the  dunes  has  been  stopped  the 
dune  belt  is  continued  inland  in  a  gently  imdulating  sand  field. 

In  a  dune  region  many  different  stages  of  dune  development  are 
observed,  from  the  embryonic  living  dune  to  the  large  established 
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mountain-like  sand  dune  covered  with  vegetation.  Very  often  such 
finished  dunes  are  again  broken  up  by  the  wind  (Fig.  i).  On  these 
rejuvenated  dunes  the  usual  series  of  development  takes  place  from 
the  very  beginning,  and  they  have  often  a  peculiar  character,  resulting 
from  the  remaining  remnants  of  the  old  vegetation  covering  and  the 
new  plant  immigrants  which  have  arrived  after  the  complete  or  partial 
destruction  of  the  dune. 

It  is  a  rule  that  the  inner  dunes  in  a  complex  are  higher  than  those 
nearer  the  beach  because  the  horizontal  directions  of  wind  are  de- 
flected.* 

Dunes  do  not  travel  extensively.  Those  in  Brittany  are  said  to 
move  27  feet  a  year  for  200  years.  On  the  coast  of  Norfolk  facing 
the  North  Sea  the  dunes  travel  150-80  feet  a  year,  according  to 
Lapparent.  I  have  not  been  able  to  find  conclusive  evidence  regard- 
ing a  more  rapid  advance  of  dunes  than  42  feet  in  one  year,  which  is 
the  rate  of  advance  of  some  dunes  near  Vera  Cruz  in  Mexico. 

Dr.  Baschin*  reports  a  mean  drift  of  moving  sand  ridges  on  the 
west  coast  of  Fano,  the  northernmost  of  the  islands  of  North  Fries- 
land,  of  about  10  feet  a  day.  The  author's  explanation  is  that  on  a 
large  dune  more  material  must  be  driven  to  the  lee-side  before  any 
displacement  of  the  crest  becomes  evident,  while  the  small  sand 
ridges  on  which  his  experiments  were  made  moved  more  rapidly. 
He  also  maintains  that  the  slope  on  the  leeward  side  is  due  simply 
to  the  fall  of  the  sand  as  the  crest  of  the  dune  moves  forward.  I  hold 
with  Bertoldy  that  the  steep  slope  is  due  not  only  to  the  fall  of  the  sand 
but  also  to  the  effect  of  the  vortex  of  air  round  a  horizontal  axis  formed 
on  the  lee-side  of  the  dune. 

BIBLIOGRAPHY 
Andrews,  E.  W.    "Pebbles  and  Drifting  Sand, "  Trans,  N.  Z.  Inst,,  Vol.  XXVI, 

P-  397. 
AuESBACH,  Felix.    "Die  Gleichwichtsfiguren  pulverfonniger  Massen,"  Ann. 

Physik,  Leipzig  (  4  Folge),  Vol.  I,  1901,  pp.  170-219. 
Bolton,  X.  C.    "Denudation,"  Trans.  N.  Y,  Ac,  Set,,  Vol.  IX,  1889-90,  pp. 

iia-26. 
Bk^montier,  N.  T.  T.    Recherches  swr  le  mouvement  des  ondes,  Paris,  1809. 

« Franz  Czemy,  "Die  Wirkungen  der  Winde   auf   die  Gestaltung  der  Erde," 
Peterm.  Geog,  MiU.,  1876,  Erganzh.  48,  p.  27. 

•  ZeUschrift  der  Ges,  fUr  Erdkunde  zu  Berlin,  No.  6,  1903. 


564  FEHR  OLSSONSSFFER 


Cbdlxokt^L    ''Dm  Bcifcgqi^yif  tw  det  FlqgMiMfci,"  FMiL  KmL  Bmdapest, 

VoL  XXXn,  1909,  pp.  6-38. 
ComsH,  Vavghax.    ''On  die  Fotmatioa  of  Suid-Diiiie^''  Gmgt.Jtmn^  VoL 

IX,  1897,  pp.  37^»-3(»- 
''On  Desert  Send-Dmiei  Boidcrii«  die  Nik  Dcha,  Gmgt.  Jm/m^  VoL  XV, 

1900^  pp.  i^io. 
Dakwin,  G.  H.    "On  die  Horiaoolil  TlmHt  of  a  lia«  of  StDd,"  Mim.  Froc. 

Inst.  C.  £.,  VoL  U,  1883,  pp.  3S<>-7& 
D068,  Bkumo.    "Udxr  DOnen  der  UmgqEOid  iroq  Rigi,"  JTorr.  ^a|^.  Vet. 

Riga,  VoL  XXXDC,  1896,  pp.  31-40- 
HEumoLZ,  H.  VQK.    "Die  Encigie  der  Wogen  and  des  ^^mdei^''  5tti.  far.  Ak. 

Wiss.  Bairn,  Vol.  II,  1890,  pp.  853-72. 
Keuxr.    "Studien  fiber  die  Gcstaltimg  der  SendHtotrn,"  Zs.  Bammm,  VoL 

XXXI,  1881,  pp.  190-. 
Labat.    "Les  dunes  meritimes  et  les  siblct  lidenoz,"  BtOL  Soe.  gM.  From* 

(3),  VoL  XVm,  1889-90^  pp.  as^73. 
Lamgley,  S.  p.    "The  Intenial  WoriL  of  die  ^l^nd,"  Am.  Jornn.  5d.,  3d  ser.. 

Vol  XLVn,  1894,  pp.  41-63. 
LoBii,  J.    "Binnenduinen  en  bodcnbewqpngen,"  Tijiukr.  aardr.  gmcotsch., 

1893,  P-  753. 
Messill,  G.  p.,     "\rind  as  a  Factor  in  Geologr,"  Engm.  Mag.,  Vol.  II,  1896, 

pp.  596-607. 
Reclus,  £lis£.    ''Etude  sur  les  dunes,"  Bull.  Soc.  giog.  France  (5),  VoL  IX, 

1865,  PP-  I93-- 
Sauer,  a.  and  Siegert,  Th.    "Ueber  Ablagenmg  recenten  Ldsses  durch  den 

Wind,"  Zs.  d.  geol  Ges.,  Vol.  XI,  1888,  pp.  575-. 
Shaler,  N.  S.    ''Phenomena  of   Beach  and  Dune  Sands,"  Bull,  Geol,  Soc. 

Amer.f  VoL  V,  1894,  pp.  207-12. 
SoKOLOFF,  N.  A.    Die  Diinen.  Bildung,  Entwickdung  und  innerer  Bau,  Berlin, 

1894. 
Steenstrup,  K.  J.  V.    "Om  Klittemes  Vandring,"  Nath,  Medd.  Kjobenhavn, 

1894. 
Thesleff,  Arthur.    "Dynbildningar  i  Oestra  Finland,"  Medd.  Geogr,  F&r. 

Finl.,  Vol.  n,  1895,  pp.  36-77. 
Walther,  Johannes.    "Ueber  die  geologische  ThEtigkdt  des  Windes,"  Naho, 

Wochenschr.  Berlin,  Vol.  XVI,  1901,  pp.  431-32. 


AN  INTERGLACIAL  FAUNA  FOUND  IN  CAYUGA  VALLEY 

AND  ITS  RELATION  TO  THE  PLEISTOCENE 

OF  TORONTO 


C.  J.  MAURY 
Ithaca,  N.  Y. 

On  the  western  shore  of  Cayuga  Lake,  in  central  New  York,  is  an 
interglacial  fossiliferous  deposit  which  is  of  interest  because  of  the 
rarity  of  similar  beds  which  contain  traces  of  Pleistocene  life. 

The  deposit  is  between  Taughannock  Falls  and  Frontenac  Beach 
in  a  small  ravine  which  has  cut  through  one  of  the  delta  terraces  so 
common  in  Cayuga  valley.  It  was  first  noticed  some  time  since  by 
Professor  R.  S.  Tarr  and  was  later  examined  by  Professor  G.  D. 
Harris  and  the  writer.-  The  following  is  a  vertical  section  of  the 
locality. 

Drift 20  to  30  feet 

Gravel  and  sand several  inches 

Fossiliferous  clay 5  to  8  feet 

Bowlder  clay 10  to  15  feet 

Devonian  shales 10  feet  exposed  above  lake  level 

The  bowlder  clay  in  its  uppermost  part  passes  into  gravel  and  sand 
which  are  decidedly  oxidized,  indicating  a  period  of  erosion  and 
weathering. 

The  clay  in  which  the  fossils  are  imbedded  is  a  slaty  blue  color, 
loose  and  very  peaty  at  the  base  where  it  is  composed  almost  wholly 
of  the  remains  of  plants,  but  in  the  center  it  becomes  compact  and  is 
a  very  fine-grained,  blue  clay.  It  is  distinctly  stratified  and  splits 
easily  along  the  plane  of  bedding  but  not  in  any  other  direction. 

Above  the  fossiliferous  blue  clay  are  a  few  inches  of  sand  and 
gravel  pointing  to  a  short  period  of  erosion  at  the  close  of  the  warm 
interglacial  period  before  the  return  of  the  ice  and  the  deposition  of 
the  great  mass  of  overlying  drift. 

The  fossils  are  all  fresh-water  shells.  Unios,  Anodontas,  and 
Sphaeriums  are  common  and  of  large  size,  showing  that  conditions 
were  favorable  for  their  growth,  but  few  are  well  preserved. 
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The  following  species  have  been  identified  and  are  in  the  geological 
museum  of  Cornell  University. 

AnodorUafragUis  Lam.  (marginata  Say)     lAmnaea  dodes  Say 

Anodonla  grandis  Say  Physa  heteroslropha  Say 

Anodonta  grandis  y^x.fooiiana  Lea  Planorbis  bicarinaius  Say 

Lampsilis  luUolus  Lam.  Planorbis  defiedus  Say 

Lampsilis  veniricosus  Barnes  Planorbis  lentusf  Say 

Sphaerium  simile  Say  Planorbis  parvus  Say 

Pisidium  compressum  Prime  Amnicola  limosa  Say 

Pisidium  virginicum  Boiirg.  Vahaia  Iricannala  Say 

Limnaea  palusUris  Mull.  '  Campdoma  decisa  Say 

Of  these  species  Sphaerium  simile^  Pisidium  compressum,  Planor- 
bis deflecluSy  Amnicola  limosa,  and  Valvala  tricarinaia  are  the  com- 
monest forms.  < 

Every  one  of  the  species  listed  has  been  found,  by  the  writer,  now 
living  in  Cayuga  Lake.  But  of  the  five  Unionidae,  four  are  Missis- 
sippi species  which  are,  however,  also  living  now  in  the  St.  Lawrence 
system.  Anodonta  fragilis  is  the  only  one  that  strictly  belongs  to  the 
St.  Lawrence.  Luteolus  though  originally  a  Mississippi  i^^edes  has 
secured  such  a  foothold  in  the  St.  Lawrence  system  as  to  have  become 
one  of  the  commonest  shells  of  the  Finger  Lakes. 

On  comparing  the  Cayuga  Valley  Pleistocene  shells  with  those  of 
the  well-known  interglacial  beds  near  Toronto,  about  170  miles  to 
the  northwest  of  Ithaca,  we  find  the  following  species  common  to  both 
deposits. 

Lampsilis  luteolus  Lam.  Planorbis  bicarinatus  Say 

Anodonta  grandis  Say  Amnicola  limosa  Say 

Sphaerium  simile  Say  Physa  heteroslropha  Say 

Pisidium  compressum  Prime  Valvata  tricarinaia  Say 

Limnaea  elodes  Say  Campdoma  desisa  Say 

Planorbis  parvus  Say 

Thus  more  than  half  the  interglacial  species  found  in  Cayuga 
Valley  have  also  been  identified  in  the  warm  climate  or  Don  valley 
beds  of  the  Toronto  formation.' 

But  while  we  find  that  every  one  of  the  interglacial  species  of 
Cayuga  Valley  are  now  re-established  in  Cayuga  Lake,  on  the  con- 

iSee  A.  p.  Coleman,  Amer,  Geol,  Vol.  XIII  (1894),  pp.  85-95;  Jowrn.  GeoL, 
Vol.  IX  (1901),  pp.  285-310;  also  C.  T.  Simpson,  Proc.  U.  5.  Nat,  Mus.,  Vol.  XVI, 
PP-  591-95- 
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trary,  two-thirds  of  the  Unios  in  the  Don  valley  beds  withdrew  per- 
manently from  Lake  Ontario  after  the  destruction  of  their  colonies. 
These  forms  required  a  milder  climate  and  could  only  live  in  Ontario 
during  the  warm  interglacial  period  when,  as  Coleman  has  shown, 
the  climate  of  Toronto  was  so  mild  as  to  permit  the  growth  of  the 
paw-paw  and  the  osage  orange. 

In  addition  to  the  similarity  of  faunas  of  the  Don  and  Cayuga 
valley  deposits,  there  is  a  great  similarity  of  levels.  According  to 
Mr.  Coleman  the  lowest  of  the -Don  valley  beds  was  formed  when  the 
water  stood  19  feet  above  the  present  level  of  Lake  Ontario.  The 
Cayuga  valley  deposit  began  to  be  formed  with  the  water  about 
twenty  feet  above  the  present  lake  level. 

It  is  unfortunate  that  the  plant  remains  in  the  Ca)aiga  valley 
interglacial  bed  are  too  decayed  and  fragmentary  for  identification, 
but  the  lowest  layers  of  the  fossiliferous  blue  clay,  like  the  lowest  of 
the  Don  valley  beds,  are  formed  of  sheets  of  vegetable  matter  con- 
sisting of  twigs,  fragments  of  leaves,  and  reeds. 

In  conclusion  we  may  say  that  (i)  the  Cayuga  interglacial  colony 
was  established  by  Mississippi  and  St.  Lawrence  molluscs  which  came 
down  from  the  north  and  west;  (2)  this  would  have  required  a  very 
considerable  period  of  time  after  their  widespread  destruction  in  the 
preceding  ice  invasions;  (3)  the  colony  could  not  have  been  estab- 
lished during  a  slight  oscillation  northward  of  the  ice  (as  might  have 
been  the  case  if  the  species  had  come  in  from  the  Susquehaima 
system) ;  (4)  more  than  one-half  the  molluscs  found  in  the  Cayuga 
valley  deposit  are  reported  from  the  Don  valley  beds  of  the  Toronto 
formation;  (5)  the  Cayuga  and  Don  valley  fossiliferous  beds  both 
began  to  be  formed  when  the  water  stood  about  twenty  feet  above  the 
present  lake  levels;  (6)  it  is  very  probable  that  the  Cayuga  fossiliferous 
deposit  corresponds  approximately  in  time  with  the  Don  valley,  or 
warm  climate  beds,  of  the  Toronto  Pleistocene  formation  which  is 
regarded  as  representing  the  Peorian,  or  fourth,  interglacial  period. 


AX  EXAilPLE  OF  DISRUPTION'  OF  ROCK  BY  LIGHTNING 
OX  ONE  OF  THE  LUCITE  HILLS  IN  WYOMING^ 


V.  H-  BARKETT 


The  «xiMnp*n\TBg  picttire  (Fig.  i)  is  a  view  on  the  summit  of 
Ciciss  Mesa,*  out  of  the  Lucite  FGlls  near  Rock  Springs,  Wyomiiig, 

Thb  QiesSy  Ebe  niost  of  the  ^^up,  is  quite  barren  and  flat  on 
top,  Ibe  vfdotik  njck  of  which  it  is  composed  being  unprotected  by  J 
aoil  and  TtgctatiDa,    Like  the  other  Lucite  HiUs  it  is  a  very  pmrainentj 
IndBiftrk  standing  weE  above  the  sumDunding  country. 

The  ingul&r  bowlders  seen  in  the  picture  have  been  torn  by  sob 
apparently  violent  force  from  the  surface  of  the  lava  and  some  of  then 
sriU  lie  in  the  cant}^  formed.    The  space  from  which  the  rock  fra 
ments  wer^e  torn  is  roughly  a  half-saucer  in  shape,  having  the  ea 
rim  nearly  vertical  while  on  the  opposite  side  it  is  more  gently  ^lopinj 
Two  or  three  cracks,  one  of  wMch  may  be  obseT%"ed  near  the  rig 
lower  comer  of  the  picture,  radiate  from  the  saucer-shaped  depr 
^Tiether  some  of  these  cracks  may  not  have  occurred  before  the  dis-^ 
ruption  the  writer  was  not  able  to  judge,  but  it  is  not  likely  that  all 
of  tht-m  did  so  occur.     The  rock  fragments  range  in  size  from  an  inch 
or  two  in  diameter  up  to  about  two  feet  and  a  half,  and  are  sharply 
angular  with  fresh  surfaces.     From  the  size  of  the  cavity  the  amount 
of  rock  removed  b  approximately  twelve  cubic  feet  and  lies  within 
a  radius  of  about  ten  feet  from  the  fracture  and  exclusively  to  the 
west  of  it.     No  fragments  were  obserN^ed  to  have  been  thrown  very 
far. 

Two  hx-potheses  at  once  present  themselves  in  explanation  of  this 
phenomenon:  first,  that  of  an  artificial  explosion  as  dynamite  or 
blasting  powder;   second,  that  of  lightning. 

The  probabilities  of  this  being  due  to  the  first  h}TX)thesis  seem 
very  slight  since  it  is  so  far  removed  from  human  acti\ities  of  any 

I  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Sun'ey. 
3  J.  F.  Kemp  and  \V.  C.  Knight,  "Lucite  Hills  of  Wyoming,"  BuIL  Ceol.  Sac, 
Amer.,  Vol.  XIV,  1902,  p.  317. 
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kind.  The  nearest  trail  is  in  Long  Canon,  one  mile  northwest  and 
four  hundred  feet  lower  down.  Over  this  trail  there  is  perhaps  not 
more  than  one  person  a  week  during  summer  and  probably  fewer  in 
winter.  Several  coal  prospects  have  been  opened,  however,  during 
the  last  five  or  six  years,  in  Back  Canon  and  also  in  Long  Canon,  not 
more  than  five  miles  to  the  south,  but  giant  powder  only  was  used  in 
shooting.  Had  a  prospector  been  so  disposed  it  is  the  writer's  opinion 
he  could  not  have  produced  the  effect  shown  in  this  photograph  with 


Fig.  I. — ^View  on  top  of  Cross  Mesa,  Wyoming,  showing  fragments  torn  from 
the  lava  by  lightning. 

ordinary  blasting  powder.  He  certainly  could  not  have  done  it  with- 
out a  drill  hole  and  no  evidence  of  holes  were  observed.  Even  with  a 
drill  hole  it  would  have  been  very  hard,  if  not  impossible,  to  have 
confined  the  powder  sufficiently  well.  Furthermore,  from  the  very 
nature  of  the  rock  (lava),  a  prospector  would  not  have  been  looking 
for  minerals  in  this  place,  and  if  he  had  been  doing  it  for  amusement 
he  almost  certainly  would  have  selected  a  crevice  at  the  limiting  cliff 
of  the  mesa  where  the  explosion  would  have  loosened  a  large  mass  of 
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rock  and  sent  it  tumbling  down  the  steep  slope  which  falls  away  from 
the  escarpment. 

The  other  hypothesis,  that  of  lightning,  seems  the  more  probable, 
and  the  writer  wishes  to  call  attention  to  it  as  an  example  of  a  kind 
of  phenomenon  rather  rarely  noted  in  geological  literatxire.  A  few 
instances  of  the  disruptive  effects  of  lightning  are  on  record. 

Hibbert*  describes  as  follows  the  effect  of  lightning  on  the  cliffs 
of  micaceous  schist  on  the  east  side  of  the  island  of  Fetlar,  one  of  the 
Shetland  Islands. 

A  rock  105  feet  long,  10  feet  broad,  and  in  some  places  more  than  4  feet 
thick,  was,  in  an  instant,  torn  from  its  bed,  and  broken  into  three  large  and  several 
lesser  fragments.  One  of  these,  26  feet  long,  10  feet  broad,  and  4  feet  thick, 
simply  turned  over.  The  second,  which  was  28  feet  long,  17  feet  broad,  and  5  feet 
in  thickness,  was  hurled  across  a  high  point  of  a  rock  to  the  distance  of  50  yards. 
Another  broken  mass,  about  40  feet  long,  was  thrown  still  farther  but  in  the  same 
direction,  quite  into  the  sea.  There  were  also  many  lesser  fragments  scattered  up 
and  down. 

T.  R.  Dakyns,  in  his  paper  on  "Modem  Denudation  in  N.  Wales,"*  says: 
During  the  great  thunderstorm  that  occurred  in  N.  Wales  in  the  middle  of 

August,  1898,  a  mass  of  rock  was  broken  and  thrown  down  the  lAyn  Teyrn. 

This  is  known  to  have  been  done  by  lightning,  as  it  was  not  there  until  after  the 

storm. 

In  a  conversation  with  the  writer,  George  Otis  Smith  has  stated 
that  during  a  thunderstorm  in  1904,  he  observ-ed  Hghtning  strike  on 
the  summit  of  Mt.  Battie,  in  the  northern  portion  of  the  Rockland 
quadrangle^  (Maine),  and  a  mass  of  quartzitic  conglomerate  several 
feet  in  diameter  was  broken  from  the  glaciated  surface  and  thrown 
out. 

While  the  most  commonly  observed  effects  of  lightning  on  rocks 
seems  to  be  that  of  fusion  resulting  in  the  production  of  fulgurites  or 
glassy  coatings,^  no  evidence  of  fulgurites  nor  of  glassy  coatings  was 
observed  either  on  these  fragments  or  in  the  cavity  from  which  they 
were  thrown,  but  since  lightning  of  the  disruptive  type  is  apparently 

I  Samuel  Hibbert,  Description  of  the  Shetland  Islands^  1822,  p.  389.  For  this 
account  of  lightning  effect  Hibbert  says  he  is  indebted  to  Geo.  Low,  M.  S.  of  Rev. 

a  Geological  Magazine^  new  series,  Vol.  VII,  1900,  No.  i,  p.  19. 

3  Rockland  Folio  No.  1 58,  U.  S.  Geol.  Sur\'ey,  May,  1908. 

4R.  R.  Julian,  "A  Study  of  the  Structure  of  Fulgurites,"  Jour.  Geol,  Vol.  IX, 
1901,  pp.  673-93. 
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not  always  accompanied  by  high  temperatures,  it  does  not  follow  that 
this  phenomenon  may  not  have  been  caused  by  lightning. 

The  most  evident  effect  of  lightning  is  of  the  disruptive  type 
observed  almost  every  day  in  the  form  of  splintered  telegraph  poles 
and  shattered  trees  and  buildings.  Lightning,  producing  this  class 
of  results,  does  not  seem  always  to  be  accompanied  by  high  tempera- 
tures. The  writer  has  observed  one  instance  at  least  in  which  a  per- 
fectly dry  wooden  building  was  shattered  without  a  tendency  to  firing  it. 


ON  THE  VALUE   OF  THE  EVIDENCE  FURNISHED  BY 
VERTEBRATE  FOSSILS  OF  AGE  OF  CERTAIN  SO- 
CALLED  PERAHAN  BEDS  IN  AMERICA 


E.  C.  CASE 


In  1876-77  Cope  referred  certain  beds  in  Illinois  and  Texas,  bear- 
ing vertebrate  fossils,  to  the  Permian  Age.  This  has  stood  almost 
without  challenge  until  ver>'  recently  and  has  had  a  very  considerable 
effect  on  the  literature  of  the  Permian.  The  recent  discovery  by 
Mr.  Raymond  of  reptilian  remains,  of  the  same  character  as  those 
referred  to  the  Permian  from  Illinois  and  Texas,  in  the  Coal  Meas- 
ures of  Pennsylvania'  renders  it  desirable  to  re-examine  the  e\idence 
upon  which  the  position  of  the  beds  was  determined.  The  conflict- 
ing evidence  of  invertebrates  and  plants  will  not  be  discussed  as 
they  wiU  be  considered  in  the  accompanying  papers. 

In  re-examining  the  evidence  for  the  age  of  these  beds  it  seems 
necessar}'  to  consider  two  points: 

I.  The  morphological  comparison  of  the  North  American  forms 
with  those  of  known  Permian  Age  from  Europe  and  other  continents. 

2.  The  possibility  of  the  introduction  of  reptilian  life  at  an  age 
earlier  than  the  Permian. 

In  discussing  the  first  question  it  will  be  best  to  pass  in  review 
the  evidence  upon  which  Cope  based  his  determination  of  the  Per- 
mian Age  of  the  beds.  The  scope  of  the  article  will  not  permit  dis- 
cussion of  the  details  of  comparative  anatomy  and  so  the  arguments 
will  be  based  on  conclusions  which  have  been  reached  by  various 
anatomists,  leaving  the  details  to  another  time  and  place  should  a 
discussion  arise. 

Cope's  evidence:  The  first  mention  of  vertebrate  remains  from 
IlUnois  was  in  1875:^ 

A  remarkable  peculiarity  of  the  vertebrae  of  the  series  is  the  longitudinal 
perforation  axial  of  the  centrum.    They  present  the  character  observed  in  Arche- 

I  Science,  Vol.  XXVI,  December  13,  1907. 
a  Proc.  Acad.  Xat.  Set.  Phil.,  1875,  p.  440. 
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gosaurus  and  other  stegocephalons  Batrachia,  but  which  also  exists,  according 
to  Gunther,  in  the  living  Rhynchocephalous  lizard,  the  Sphenodon  of  New  Zea- 
land. The  bones  of  the  limbs  and  the  scapular  arches  are  decidedly  reptilian, 
and  so  imlike  those  of  any  Batrachia  with  which  we  are  yet  acquainted,  that  I 
am  disposed  to  refer  them  to  the  former  class.  And  as  there  are  several  points  in 
which  the  fossils  resemble  the  order  Rhynchocephalia,  I  refer  them  provisionally 
to  that  neighborhood.  They  constitute  the  first  definite  indication  of  animals 
of  that  type  in  the  western  hemisphere. 

Associated  with  these  saurians  were  found  the  teeth  of  two  species  of  fishes 
which  are  important  in  evidence  of  the  position  of  the  beds  in  which  they 
occur.  One  of  these  is  a  new  species  of  CercUodus,  Ag.,  and  the  other  a  Diplodus, 
The  former  genus  is  characteristic  of  the  Triassic  period  in  Europe,  one  species 
having  been  found  in  the  Oolite.  It  still  lives  in  North  Australia.  In  both  of 
these  respects  the  Rhynchocephalian  lizards  present  a  remarkable  coincidence. 
They  also  belong  to  the  horizon  of  the  Trias  in  Europe;  and  the  only  living 
species  is  found  in  New  Zealand.  Thus  it  would  seem  that  a  fragment  of  this 
fauna,  so  ancient  in  the  northern  hemisphere,  and  so  remarkably  preserved  in 
the  southern,  has  been  brought  to  light  in  Illinois.  It  must  be  added  in  reference 
to  the  geological  age  of  the  fossils,  that  the  genus  Diplodus  has  not  yet  been  dis- 
covered above  the  Carboniferous,  and  that  one  genus  of  the  Rhynchocephalia 
belongs  to  the  Permian  of  Germany.  We  therefore  wait  further  material  before 
venturing  to  decide  whether  they  belong  to  Triassic  or  Permian  time. 

In  May,  1877,  he  read  a  paper  before  the  American  Philosophical 
Society  in  which  he  reafl&rmed  the  probable  Permian  character  of 
the  beds:' 

After  an  examination  of  the  first  fossils  from  this  fauna  which  came  under 
my  observation,  I  left  the  question  undecided  as  to  whether  its  characters  pointed 
to  the  Triassic  or  Permian  Age.  The  Reptilia  and  a  Ceratodus  pointed  to  the 
former;  the  Diplodus  pointed  even  to  the  Coal  Measures.  The  additional  evi- 
dence adduced  in  this  paper  adds  weight  to  both  sides  of  the  question.  Of  the 
fishes  added,  Ctenodus  is  a  genus  of  the  Coal  Measures,  and  while  Strigilina  is 
new,  its  affinities  are  to  the  Petalodont  genera  of  that  formation.  On  the  other 
hand  the  reptilian  character  of  Ckpsydrops  is  established,  and  the  number  of 
its  species  is  increased.  Now  the  Coal  Measures  have  nowhere  disclosed  rep- 
tilian remains,  so  far  as  we  have  determinations  of  a  reliable  character;  Batrachia 
were  the  only  type  of  air-breathing  vertebrata  known  to  that  epoch.  The  present 
fauna  must  then  be  placed  above  the  Coal  Measures,  and  the  horizon  will  corre- 
spond more  nearly  with  the  Permian  than  with  any  other  embraced  in  the  system. 

From  its  most  characteristic  fossil,  the  bed  might  be  called  the  Ckpsydrops 
shale.  Its  position  according  to  Dr.  Winslow  is  near  the  top  of  the  Coal  Meas- 
ures, and  is  marked  No.  15,  in  Professor  F.  H.  Bradley's  section  of  the  Coal 

I  i4m.  Phil.  Sac,  Proc,,  1877,  Vol.  XVII,  p.  64. 
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I  of  Vctinillioa  Ca.,  in  the  Rgpert  of  the  G«ohoglcal  ^irwcj  of  imam  bv 
K  H.  WortiieQ.  Vol.  FV,  p,  ^5.  It  h  dham  iii  feel,  xram^o^  different  hcaM- 
^m,  inim  Ihs  mansni  ai  the  smts^  and  1^099!  feet  fnmk  die  hftMi.  Two  ms^nii- 
caoe  be&  df  ooaafa  taliiMiBl  lor  iwl]  occur  ahove  and  Ifae  lolkiwifig  fokam  of 
infertcbmfte  km^i    fVadbtiij,  SpiHf^,  Aikyris,  Tmi^mimim^   Htmipnm^, 

ud  Naml&mr,    Sr^^eraJ  of  theK  faeim  «i«  §maid  m  the  Zecbstetn^  while  others 
bdei^  te  the  Coai  MeasuE^  and  hdtm  1 


bi^  le  the  Coai  MeasuE^  and  hdtm  ihest. 
In  aoothcr  paper  of  the  same  jear  he  sap:* 


Tvratj  ipecies  hAfe  now  been  obtained  ffom  tine  depsydtv^  ahalc^  the 
gjedc^eal  podiioa  of  whkh  remaim  to  be  acotitmlelj  <leletiiiinnL  Dr. 
Wtoiteir  iiilonii«d  me  that  they  are  the  bed  No.  15  of  Professor  Bnu^efs  section 
of  the  CarbodifeTOUS  rocks  of  VeTixiilHDi&  Co,,  Ulinds.  This  pUc^  them  ai  the 
iammit  of  the  C&rbooifeirotis  series^  bekiw  two  Ihin  beds  of  conl,  I  am  dow 
Infonned  that  this  portion  of  Professor  Biadlei^s  r^iort  is  not  aurrect^  and  thai 
No.  15  occupies  a  tntich  hig^hcr  positkm  than  be  as^gns  to  it.  It  ties  uDcom- 
foimably  above  the  meton  sandstone  of  Mr  CoUetl^  which  deposit  is  above  the 
Oml  Steasmxs  and  unoonfonDable  to  them.  The  stratigmphic  evidence  is  thus 
conibiiiator^'  of  that  derived  from  pdeontoto^,  that  the  Ckpsydrafs  shale 
ocaipies  a  position  in  the  scale  above  the  Coa]  Measures. 

A  page  or  two  farther  on  in  the  same  aiticle  he  correlates  the 
Texas  and  lUinok  horizons  (p.  193): 

The  discovery  of  a  species  of  the  genus  CUpsydrops  in  Texas,  in  a  formation 
hitherto  regarded  as  Triassic,  adds  weight  to  the  view  above  expressed,  that 
the  CUpsydrops  shales  of  Illinois  belong  either  to  the  Triassic  or  Permian  forma- 
tions. 

In  1878  he  definitely  asserted  the  Permian  Age  of  the  beds:' 
The  Texan  genera  of  this  group  (Pelycosauria),  so  far  as  yet  known,  are 
about  equally  related  to  the  Ural  and  South  African  types.  The  age  of  the 
former  deposit  is  the  Permian,  which  includes,  according  to  Murchison,  the 
Todtliegende  and  the  Zechstein  of  Thuringia.  The  age  of  the  South  African 
beds  is  uncertain  but  is  suspected  by  some  authors  to  be  Triassic,  and  by  Owen 
to  be  Paleozoic.  In  discussing  the  CUpsydrops  shales  of  Illinois,  which  had 
been  referred  to  the  Coal  Measures  by  previous  investigators,  I  left  the  question 
open  as  to  whether  they  should  be  referred  to  the  Triassic  or  the  Permian  forma- 
tions. The  evidence  now  adduced  is  sufficient  to  assign  the  formation,  as  repre- 
sented in  Illinois  and  Texas,  to  the  Permian.  Besides  the  saurian  genera  men- 
tioned above,  the  existence  of  the  icthyic  genera  Janassa,  Ctenodus,  and  Diplodus^ 
in  both  localities,  renders  this  course  necessary. 

I  Am.  Phil.  Soc.  Proc,  1877,  Vol.  XVII,  p.  182.  »  Ibid.,  p.  350. 
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THESES 

I.  The  horizon  of  the  Clepsydrops  shales  of  Illinois  and  the  corresponding 
beds  in  Texas  is  Permian. 

Finally  in  1879,  ^^  ^  comparison  of  the  vertebrate  horizons  of 
Europe  and  America,^  he  gave  the  following  table: 

West  Europe  North  America 

Thuringian  )  r>^^i^^  \  Clepsydrops  shale 
Lodevian      S  ^^^"^^  }  Eryops  beds 

And  says: 

The  Permian  vertebrate  fauna  which  I  discovered  in  Illinois  and  Texas 
exhibit  dose  parallels,  but  not  yet  generic  identity,  in  the  two  continents.  Thus 
the  American  Clepsydrops  and  Dimetrodon  are  near  to  the  Deuterosaurus  of  the 
Perm  of  Russia,  and  the  Lycosaurus  of  the  mountains  of  South  Africa.  The 
Texan  genus  Pariotichus  may,  with  further  information,  prove  to  be  identical 
with  the  Procolophon  Ow.  from  the  Tafelberg.  Humeri  of  the  type  discovered 
by  Kutorga  in  Russia  and  by  Owen  in  South  Africa,  are  found  in  North  America, 
and  the  same  remarkable  type  has  recendy  been  discovered  by  Gaudry  in  France. 
The  peculiar  type  of  Labyrinthodont  vertebae  described  by  me  under  the  genus 
Rhachitamus  from  Texas  has  been  discovered  by  Gaudry  in  France.  The  present 
indications  are  that  close  similarity  between  the  faunae  of  this  period  in  Europe 
and  America  will  be  discovered.  Nevertheless  up  to  the  present  time  no  repre- 
sentatives of  the  striking  American  forms,  Diadectes^  BolosauruSj  Empedodes, 
and  CricotuSy  have  yet  been  found  in  any  other  continent  (p.  34). 

The  oldest  of  these  I  have  called  the  Eryops  beds,  from  the  most  abundant 
genus  of  Labyrinthodonts  which  is  found  in  it.  They  contain  also  abundance 
of  other  vertebrata,  none  of  which  are  higher  than  the  reptilia  (order  Thero- 
morpha)f  with  plants,  mollusks,  etc.  They  consist  of  sandstones,  alternating 
with  beds  of  red  clay  and  coarse  conglomerate  and  sphaerosiderite,  etc.  They 
are  chiefly  distributed  in  Northern  Texas  and  Southern  Indian  Territory. 

The  Clepsydrops  shale  named  by  me  in  1865  [misprint  for  1875]  forms  a 
thin  stratum,  in  southeast  Illinois  and  southwest  Indiana,  consisting  of  black 
and  rarely  reddish  carbonaceous  shales  and  clays.  These  appear  in  some  places 
to  lie  conformably  upon  the  Coal  Measures,  to  which  they  have  been  referred 
by  previous  geologists,  but  Collett,  Gibson,  and  others  have  shown  that  it  is 
unconformable  over  considerable  areas.  It  does  not  belong  to  the  Coal  Meas- 
ures (p.  52). 

After  this  paper  Cope  consistently  referred  to  the  beds  as  Permian. 
Reviewing  the  evidence  cited  above  we  find  that  the  beds  were  so 
referred  on — 

I.  The  presence  of  reptiles. 

«  BuU.  Geol.  and  Geog.  Survey  of  the  Terrs.,  1878-79,  pp.  33-54. 
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2.  The  similarity  of  the  Pdwsauridae^  and  the  Ckpsydmpidae  to 
the  reptiles  froin  the  known  Penman  of  Europe  and  Africa. 

5,  The  similarity  of  certain  amphibians,  especially  Eryops  and 
Trifnerorhdchis,  to  known  Permian  fonns, 

4,  The  presence  of  Jan^ssa,  Ceratodm^  Cienadm,  Diplodm,  and 
StrigUinu. 

5.  He  suggests  the  similarity  of  Pariolkhm  of  Texas  and  Pro- 
cdophon  of  South  Mrica< 

These  points  will  be  discussed  serialim. 

1.  The  argument  from  the  presence  of  reptiles  may  be  rejected 
at  once  as  this  is  part  of  the  question  on  trial.  In  a  later  paper 
{Pmc.  Am,  Phil.  Sm.,  1897,  p»  88)  Cope  identifies  one  of  his  Permian 
reptiles  from  Illinois,  IsodecieSt  in  a  form  that  he  previously  considered 
as  an  amphibian,  TudUanus  from  the  Coal  Measures  of  Linion, 
Ohio.  So  that  lie  himself  recognized  the  possibility  of  reptiles 
occurring  below  the  Permian.  The  validity  of  this  identification 
may  be  questioned,  however, 

2.  The  morphological  similarity  between  the  reptiles  from  the 
Illinois  and  Texas  beds  and  reptiles  from  known  Permian  beds  of 
Europe  and  Africa. 

Cope  depends  on  three  points  in  particular. 

a)  The  resemblance  between  Clepsydrops  and  Lycosaurus  from 
the  Permian  of  South  Africa.  This,  with  all  other  comparisons 
between  the  reptiles  of  the  two  continents  (except  perhaps  the  Cotylo- 
saiiria)  may  be  dismissed,  as  the  forms  have  been  shown  to  be  so 
radically  dilTercnt  (Diapsidan  in  North  America  and  Synapsidan  in 
South  Africa)  as  to  preclude  any  possibihty  of  their  use  in  indicating 
the  contemporaneity  of  the  beds. 

h)  The  resemblance  of  Clepsydrops  to  Deulerosaurus  of  Russia. 
The  skulls  of  Dcutcrosauriis  and  Rhopalodon  have  repeatedly  been 
described,  but  their  condition  is  such  that  no  definite  conclusions 
can  be  drawn,  but  the  weight  of  evidence  seems  to  be  that  they  are 
nearer  to  the  South  African  forms  than  to  the  North  American. 

c)  The  notochordal  condition  of  the  vertebrae,  and  the  resem- 
blance of  certain  humeri  to  humeri  from  the  Permian  of  France. 
The  first  character  cannot  be  considered  as  distinctive  of  the  Permian; 

'  Case,  Publication  jj,  Carnegie  Institution,  Washington. 
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it  is  characteristic  of  the  most  primitive  type  of  reptiles  and  persists 
even  to  the  present  {Sphenodon). 

The  humerus  mentioned  by  Cope  was  that  of  an  amphibian  or 
one  of  the  Diddectidae  and  the  French  form  was  probably  Euchiro- 
saurus. 

3.  With  regard  to  the  amphibians  the  evidence  is  scarcely  better. 
Cope  emphasizes  the  rhachitomous  character  of  the  vertebrae  and 
compares  the  condition  of  Eryops  and  Trimerorhachis  with  similar 
rhachitomous  forms  from  the  French  Permian,  the  genus  is  not  men- 
tioned but  it  is  evident  that  he  had  Euchirosaurus  in  mind.  This 
character  of  the  vertebrae  comes  nearer  to  being  a  determinant  char- 
acter than  anything  mentioned  by  Cope,  but  it  is  open  to  question 
because  the  same  form  of  vertebrae  occurs  in  the  Carboniferous 
amphibian,  Dendrerpeton. 

4.  The  fishes  mentioned  by  Cope  have  the  distribution  shown 
below: 

Sagenodus — Carboniferous  and  Lower  Permian. 

Janassa — Carboniferous  to  Triassic. 

Strigilina — A  petalodont  selachian  of  Carboniferous  afl&nities. 

Diplodus  (Orthocanihus) — Carboniferous  and  Permian. 

Evidently  the  fishes  are  of  little  more  value  than  the  amphibians 
and  the  reptiles. 

5.  The  Cotylosauria  common  to  North  America  and  South  Africa. 
The  similarity  of  ParioHchus  and  Procolophon  was  suggested  by 
Cope;  this  has  been  shown  to  be  impossible,  but  Williston  has  very 
recently  (Journal  of  Geology,  Vol.  XVI,  No.  2, 1908,  p.  148)  attempted 
to  show  that  Labidosaurus,  a  form  very  closely  related  to  PariotichuSj 
is  also  very  closely  related  to  Procolophon. 

However,  even  if  this  should  be  accepted,  the  presence  of  two 
distinct  genera  of  this  extremely  primitive  order  could  not  prove  the 
contemporaneity  of  two  beds  in  such  distant  regions. 

The  evidence  adduced  by  Cope  is  not  sufficient  to  prove  the 
Permian  Age  of  the  Illinois  and  Texas  beds  as  against  a  possible 
Carboniferous  Age. 

It  now  remains  to  examine  the  evidence  discovered  since  1877. 
Undoubtedly  Cope  regarded  much  of  this  as  directly  confirmatory  of 
his  ideas. 
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1.  There  have  repeatedly  been  suggestions  that  reptiles  occur  in 
beds  below  the  Permian.    Two  examples  suffice: 

As  cited  above,  Cope  identified  a  reptile  in  the  beds  of  Linton, 
Ohio.  Following  is  a  quotation  from  a  letter  written  to  the  author 
by  the  late  Dr.  Baur,  dated  Jime  20,  1897 : 

I  have  found  out  that  HyUmomus  Dawson,  and  DendrerpeUm  Owen,  and 
Peirobales  Credner,  are  reptiles  and  not  St^ocephalians.  All  these  forms  are 
Carboniferous  with  the  exception  of  Hylanomaus,  which  is  also  found  in  the 
Permian,  and  PetrohaieSj  which  belongs  to  the  Permian  alone.  The  vertebrae 
are  elongate  and  biconcave,  chevrons  intercentral,  ribs  two-headed,  long,  slender, 
and  bent  Teeth  smooth,  with  large  pulpa.  Two  sacral  vertebrae,  the  second 
with  small  sacral  rib.  No  cleithrum.  Interdavide  T-shaped,  clavicle  slender. 
Ribs  of  caudal  vertebrae  bent  backward.  These  forms  are  directly  ancestral  to 
the  Pakohateriidae,  Microsauria  Dawson  is  the  proper  name  for  them.  This 
fact,  of  course,  makes  the  Microsauria  the  oldest  reptiles,  from  which  the  Paleo- 
hateriidae  and  the  Rhyncocephalia  are  directly  developed. 

The  position  taken  in  this  letter  was  defended  in  the  Analomischer 
Anzeiger,  Bd.  IV,  pp.  146-51. 

2.  The  difficulty  in  distinguishing  between  the  primitive  reptiUa 
and  the  amphibia  has  steadily  increased  by  the  discovery  of  inter- 
mediate forms,  so  that  it  is  practically  impossible  to  draw  a  fine 
between  the  two  today.  The  presence  of  a  distinct  parasphenoid 
bone  distinguishes  the  amphibia,  and  in  the  Texas  beds  the  presence 
of  an  enlepicondylar  foramen  in  the  humerus  distinguishes  the 
reptiles,  but  this  cannot,  perhaps,  be  depended  on  as  a  general 
character  of  value. 

We  now  proceed  to  the  consideration  of  smaller  groups. 

Poliosauridae, — ^These  may  be  related  to  the  Prolerosauridae 
rather  more  closely  than  to  the  Pelycosauria  with  which  they  have 
been  described.  Proterosaurus  and  Paleohatteria  are  typical  mem- 
bers of  the  Proterosauria  from  the  Permian. 

Ckpsydropidae. — No  forms  of  this  family  occur  in  the  Permian 
of  Europe.  CtenosauruSy  an  aberrant,  related  form,  is  from  the 
Bunter  Sandstein  and  Anomosaurus,  a  doubtfully  related  form,  is  from 
the  Muschelkalk. 

Naosauridae. — ^A  single  species  of  this  genus  has  been  foimd  in 
the  Permian  of  Bohemia. 

Pariotichidae, — No  forms  are  known  outside  of  the  Texas  beds. 
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Pareiasauridae. — ^Very  doubtfully  present  in  North  America. 

Among  the  amphibians — 

Eryops. — Closely  related  in  the  rhachitomous  character  of  the 
vertebrae  to  Actinodon  and  Euchirosaurus  from  the  Permian  of  France. 

Trimerorhachis. — No  close  relative  of  this  form  is  known  except  in 
the  character  of  the  vertebrae. 

Cricotus. — This  resembles  Archegosaurus  in  the  embolomerous 
character  of  the  vertebrae  which  occurs  in  the  caudal  series  of  Arche- 
gosaurus  and  throughout  the  column  in  Cricotus. 

Dissorhophus  and  Diplocaulus. — Have  no  equivalents. 

Crossotelos,  Case. — This  shows  the  characters  of  fringed  dorsal 
and  haemal  spines  in  the  caudal  series  such  as  occurs  in  Urycordylus 
and  Oesteocephalus  both  from  the  Carboniferous. 

The  numerous  smaller  amphibians  from  Texas  are  so  imperfectly 
known  that  it  is  impossible  to  make  profitable  comparisons  with 
other  forms. 

Among  the  fishes — Janassa  (Thoracodus),  Orthacanihus,  Ctenodus, 
Ptyonodus  (Sagenodus),  have  been  discussed  above. 

Didymodus. — Known  from  the  Carboniferous  of  Europe. 

GncUhorhiza. — Known  from  Texas  only. 

Sagenodus  pertenuis,  Eastman. — Known  from  the  Permian  of 
Russia  (Ji4e  Broili). 

Ectosteorhachis, — Known  from  Texas  only. 

We  may  now  reject  all  the  evidence  furnished  by  the  fishes  except 
Sagenodus  pertenuis,  because  they  occur  both  in  the  Carboniferous 
and  Permian,  or  because  they  do  not  occur  outside  of  North  America. 

We  may  reject  all  of  the  amphibians  except  Eryops  and  Cricotus 
for  the  same  reason. 

We  may  reject  all  of  the  solid-roofed  forms,  Cotylosauria  {Chely- 
dosauria),  Pariotichidae,  etc.,  because  they  have  no  close  relatives 
known  outside  of  North  America. 

We  may  reject  the  Clepsydropidae  as  the  only  possible  European 
representative  is  Triassic. 

There  remains  only  the  family  Poliosauridae,  the  genus  JVa^- 
saurusy  and  Sagenodus  pertenuis,  worthy  of  consideration.  Sageno- 
dm  has  been  identified  from  Texas  (Eastman)  and  from  Russia 
(Broili).    The  latter  locality,  the  banks  of  the  Lusa,  a  tributary  of 
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the  North  Dwina,  carries  a  fauna  typical  of  the  South  African  region. 

As  is  well  known,  the  genus  Naosaurus  occiu^  in  the  Permiau  of 
Bohemia. 

The  resemblance  between  the  Poliosauridae  and  the  Prolerosau- 
ridae  is  in  just  such  primitive  and  generalized  characters  as  would 
persist  from  one  formation  to  another. 

The  evidence  for  the  Permian  character  of  the  beds  rests  then  on 
the  presence  of  a  single  genus,  Naosaurus^  common  to  the  Permian  of 
North  America  and  Europe  and  on  the  conununity  of  many  very 
primitive  characters  and  numerous  more  specialized  ones,  which, 
however,  reach  either  down  into  the  Carboniferous  below  or  up  into 
the  Triassic  above. 

CONCLUSION 

1.  The  evidence  from  vertebrates  is  not  sufficient  to  demonstrate 
the  Permian  Age  of  the  beds  in  Illinois  and  Texas,  they  may  reach 
down  into  the  Carboniferous  or  they  may  extend  upward  into  the 
Triassic. 

2.  There  is  no  unlikelihood  that  reptilian  life  began  in  the  Carbo- 
niferous.    The  evidence  is  rather  aSirmative  than  otherwise. 

It  is  becoming  more  and  more  evident  from  the  vertebrate  paleon- 
tology that  the  Red  Beds  of  North  America  and  their  eastern  equiva- 
lents represent  an  enormous  interv-al  of  emergence  which  may  well 
have  begun  while  Carboniferous  (Pennsylvanian)  forms  still  lingered 
in  the  waters  and  have  continued  until  Triassic  types  were  well 
established. 
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By  A.  G.  Leonard,  State  Geologist,  E.  J.  Babcock,  and  C.  H. 
Clapp.    312  pp.,  37  pis.,  map.      Grand  Forks,  1906. 

This  volume  continues  the  systematic  descriptions  of  the  economic  pos- 
sibilities of  the  state  which  have  been  published  in  previous  years.  North 
Dakota  possesses  extensive  deposits  of  high-grade  clays,  as  was  well  shown 
in  the  exhibits  of  the  School  of  Mines  at  the  St.  Louis  and  Portland  Exposi- 
tions. The  report  contains  chapters  on  the  origin,  chemistry,  value,  and 
physical  properties  of  clays  in  general,  and  on  the  stratigraphy  and  economic 
geology  of  North  Dakota  clays  in  particular,  together  with  a  description 
of  the  methods  of  mining  and  manufacture  now  employed.  H.  H. 
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GREN,  and  Others.     Advance  chapter  from  Mineral  Resources  for 

1906.     U.  S.  Geol.  Surv.     265  pp.     Washington,  1907. 

The  total  of  these  two  metals  mined  in  the  United  States,  amounting 

in  value  to  $132,630,200,  showed  an  increase  of  over  $10,000,000  for  the 

year.     Colorado,  Alaska,  and  California  were  the  chief  producers  of  gold, 

and  Montana,  Colorado,  and  Utah  of  silver.  H.  H. 


Iowa  Geological  Survey.  Vol.  XVII.  Annual  Report  for  1906. 
588  pp.,  62  pis.,  44  figs.  Des  Moines,  1907. 
The  major  portion  of  this  volume  consists  of  a  description  of  the  quarry 
products  of  Iowa.  Special  stress  is  laid  on  cements  and  cement  materials, 
and  the  careful  general  treatment  of  the  properties,  uses,  and  preparation  of 
different  grades  of  cement  will  be  found  valuable  by  economic  geologists, 
and  those  commercially  interested,  in  all  parts  of  the  country.        H.  H. 


The  GrenviUe-Hastings  Unconformity.  By  Willet  G.  Miller  and 
Cyril  W.  Knight.  An  extract  from  the  Sixteenth  Report  of 
the  Ontario  Bureau  of  Mines,  1907.     Part  I,  pp.  221-23. 

The  authors  find  themselves  unable  to  agree  with  certain  of  the  con- 
clusions of  the  International  Committee  of  1906  in  regard  to  southeastern 
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Ontario  and  the  neighboring  portions  of  Quebec.  They  object  especially 
to  the  statement  that  the  Hastings  series  is  in  reality  only  a  less  altered 
phase  of  the  Grenville  series.  They  have  found  that  in  eastern  Ontario 
many  of  the  limestones,  conglomerates,  and  other  fragmental  rocks,  which 
have  been  called  the  Hastings  series,  are  much  younger  than  the  typical 
limestones  of  the  Grenville  series  proper,  and  overlie  the  latter  uncon- 
formably.  The  Grenville  limestone,  which  rests  in  places  on  the  ropy 
surfaces  of  Keewatin  lavas,  may  be  correlated  with  the  Keewatin  Iron 
Formation  of  the  Lake  Superior  region;  while  the  yoimger  sedimentaries 
of  the  Hastings  series  are  probably  Huronian  in  age.  H.  H. 


The  Pre-Cambrian  Volcanic  and  Intrusive  Rocks  of  the  Fox  River 
Valley,  Wisconsin.  By  William  Herbert  Hobbs  and  Charles 
Kenneth  Leith.  Bulletin  of  the  University  of  Wisconsin, 
No.  158,  pp.  247-78.    21  figs.    Madison,  May,  1907. 

The  Fox  River  Valley  area  of  south-central  Wisconsin  presents  several 
well-defined  exposures  of  crystalline  rocks  of  quite  imiform  chemical  and 
mineralogical  composition,  but  of  varying  textures.  In  passing  outward 
from  the  granitic  centers,  intermediate  textures  and  then  surface  vokanics 
are  encountered,  indicating  the  truncation  of  a  volcanic  region.  The  age 
of  these  rocks  is 'certainly  pre-Cambrian  and  probably  Archean;  for  they 
occur  as  monadnocks  projecting  above  the  pre-Cambrian  peneplain.  The 
various  rock  types  which  are  found  in  the  area  are  fully  described  in  the 
report.  H.  H. 

Abandoned  Slwre  Lines  of  Eastern  Wisconsin.    By  James  Walter 

Goldthwait.    Wisconsin    Geological    and    Natural    History 

Survey,  Bulletin  No.  XVII.     126  pp.,  37  pis.,  37  figs.     Madison, 

1907. 

While  the  history  of  the  greater  Great  Lakes  which  existed  during  the 

late  stages  of  the  Glacial  period  has  been  well  blocked  out  by  various 

investigators,  detailed  study  of  the  ancient  shore  lines  has  been  undertaken 

in  only  a  few  areas.    This  bulletin  contains  a  very  complete  description 

of  the  old  shore  lines  in  Wisconsin,  together  with  a  review  of  all  the  previous 

work  done  in  developing  the  history  of  the  lakes,  and  a  useful  bibliography. 

Light  is  thrown  on  several  controverted  questions,  and  among  the  more 

important  conclusions  reached  may  be  mentioned  the  following: 

The  60-foot  and  40-foot  beaches  of  Lake  Chicago  seem  to  extend  as  far  north 
as  Sheboygan.    It  seems  probable  that  the  more  northerly  portions  of  them  were 
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obliterated  by  the  advance  of  the  ice  to  the  Manistee  moraine.  These  higher 
beaches  seem  to  have  suffered  little  or  no  tilting. 

The  Lake  Algonquin  beaches  seem  to  extend  southward  through  Wisconsin 
with  rapidly  duninishing  inclination  south  of  Sturgeon  Bay,  becoming  horizontal 
near  Two  Rivers,  and  encircling  the  southern  half  of  Lake  Michigan  as  the 
"Toleston"  beach.  This  makes  the  Chicago  outlet  an  outlet  for  Lake  Algon- 
quin at  its  highest  stage. 

The  Nipissing  water-plane  seems  to  stand  nearly  horizontal  along  the  whole 
Wisconsin  shore — absolutely  horizontal,  and  10  or  15  feet  above  the  lake,  south  of 
Manitowoc. 

The  elevation  of  the  various  beaches  was  determined  by  means  of  the 
wye  level,  thus  reducing  the  chances  for  misinterpretation  to  a  minimum. 

H.  H. 

Some  Characteristics  of  the  Glacial  Period  in  Non-Glaciated  Regions, 
By  Ellsworth  Huntington.  Bull.  Geol.  See.  of  Am.,  Vol. 
XVIII,  pp.  351-88,  pis.  XXXI-XXXIX.    New  York,  1907. 

This  significant  article  is  rendered  particularly  valuable  because  of  the 
author's  exceptional  opportunities  for  the  observation  of  arid  conditions 
in  two  continents.  It  is  evident,  the  whole  earth  considered,  that  fluctua- 
tions of  the  ice-edge  were  far  from  being  the  only  effects  of  the  climatic 
changes  of  the  Pleistocene.  In  some  of  the  now  desert  basins  of  central 
Asia  are  evidences  of  a  surprising  number  of  oscillations  of  lacustrine  and 
arid  conditions,  some  apparently  coinciding  with  the  known  alternations 
of  glacial  and  interglacial  stages  of  the  so-called  Glacial  period,  and  others 
preceding  them.  H.  H. 

The  Clays  of  Mississippi.    By  Willlam  N.  Logan.    Mississippi 

Geological  Survey,  Bulletin  No.  2.     250  pp.,  42  pis.,  14  figs. 

Jackson,  1907. 

This  bulletin  contains  chapters  on  the  origin,  classification,  chemical 

and  physical  properties,  and  processes  of  manufacture  of  clays,  on  the 

properties  and  imperfections  of  brick,  on  the  geology  of  Mississippi  clays, 

and  on  the  clay  industries  of  the  northern  part  of  that  state.  H.  H. 


A  Theory  of  Continental  Structure  Applied  to  North  America.  By 
Bailey  Willis.  Bull.  Geol.  Soc.  of  Am.,  Vol.  XVIII,  pp.  389- 
412.    New  York,  1907. 

An  analysb  of  the  North  American  continent  is  taken  to  show  that  it 
may  be  resolved  into  a  number  of  positive,  or  lighter,  and  of  negative,  or 
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denser,  components.  The  negative  elements  have,  because  of  the  relatively 
greater  density  which  they  inherited  from  an  original  state,  been  able  to 
force  the  positive  into  higher  positions  during  much  of  geologic  time,  so 
that  they  are  characterized  by  a  greater  thickness  of  fairly  continuous 
sediments.  The  positive  elements  found  their  levels  of  isostatic  adjust- 
ment to  be  higher,  so  that  they  have  more  often  constituted  our  land  masses. 
The  original  relations  of  these  components  to  one  another  has  been  greatly 
modified  by  tangential  pressure  and  igneous  intrusions,  making  occasional 
readjustments  necessary;  though  the  continent  as  a  whole  has  maintained 
its  equilibrium  with  the  exceptionally  heavy  oceanic  segments.        H.  H. 


Peaty  Essays  on  Its  Origin,  Uses,  and  Distribution  in  Michigan.  By 
Charles  A.  Davis.  A  part  of  the  report  for  1906  of  the  Michi- 
gan Geological  Survey,  pp.  105-360,  pis.  XIII-XXXI,  figs. 
2-20.  Lansing,  1907. 
The  author  has  very  properly  taken  up  the  study  of  peat  from  a  botanical 
standpoint,  though  geological  factors  are  by  no  means  ignored.  Michigan 
peat  is  composed  largely  of  the  remains  of  plants  which  grew  below  or  near 
the  water-level;  sphagnum  forms  only  shallow  superficial  deposits.  The 
living  plant  society  varies  as  the  development  of  a  bog  advances,  for  the 
changed  conditions  created  by  one  group  of  species  may  enable  an  invading 
group  to  obtain  a  foothold  where  it  was  unable  to  live  before  the  introduc- 
tion of  the  earlier  group.  We  cannot,  therefore,  expect  the  flora  at  present 
living  in  a  swamp  to  indicate  the  quality  of  the  underlying  peat.  A  peculiar 
type  of  structureless  peat  was  found  which  consisted  largely  of  algal  remains 
with  occasional  diatoms  and  an  abundance  of  the  three-celled  pollen  grains 
of  conifers.  Under  proper  conditions  peat  of  this  character  would  form  a 
deposit  like  the  structureless  cannel  coals  of  the  Carboniferous.  Many 
uses  for  which  peat  could  be  profitably  employed  are  pointed  out.  In 
Michigan,  especially,  peat  coke  might  be  made  to  bear  a  close  relationship 
to  the  iron  industry.  H.   H. 

The  California  Earthquake  of  1906,  By  David  Starr  Jordan  and 
Others.  San  Francisco:  A.  M.  Robertson,  1907. 
This  volume  contains  a  collection  of  articles,  partly  of  a  semi-popular 
nature,  by  D.  S.  Jordan,  J.  C.  Branner,  G.  K.  Gilbert,  S.  Tabor,  F.  Omori, 
H.  W.  Fairbanks,  and  Mary  Austin,  which  had  previously  appeared  in 
various  publications,  together  with  a  new  essay  by  Charles  Derleth,  Jr., 
on  the  effects  produced  by  the  earthquake  on  structures  and  structural 
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materials.  Both  scientific  and  non-scientific  readers  will  find  much  to 
interest  them  in  it.  The  illustrations,  of  which  the  book  contains  143,  are 
noteworthy.  H.  H, 


Contributions  to  the  Geology  of  the  Falkland  Islands.   By  J.  G.  Anders- 
son.    With  9  plates,  and  maps.     Wissenschaftiche  Ergebnisse 
der    schwedischen    Sudpolar-Expedition,    1901-03,    Band   III, 
Liefenmg  2.    London:    Dulau  &  Co. 
In  their  deeply  indented  coast  lines  with  numerous  drowned  valleys, 
the  Falklands  show  a  recent  submergence  of  about  100  meters.     During 
the  ice  age  they  stood  at  about  their  present  height  above  the  sea,  while  in 
pre-Glacial  times  they  were  somewhat  higher  and  carried  considerable 
rivers.    A  striking  feature  on  East  Falkland  is  the  so-called  "stone-rivers," 
which  are  level  sheets  of  huge,  angular  bowlders  streaming  down  the  hill- 
sides and  reaching  far  out  on  almost  level  surfaces.    This  phenomenon  is 
the  product  of  solifluction,  i.  e.,  of  gradual  creep  down  the  slopes  of  masses 
of  waste  saturated  with  water.     Glacial  action  has  not  been  the  direct  agent; 
for  the  islands  seem  never  to  have  possessed  a  large  ice  cap.    Thick  peat 
deposits  in  this  region  furnish  yet  another  instance  of  notable  accumula- 
tions of  vegetation  in  cool,  mobt  climates.     Devonian  sandstone  is  found 
in  the  islands,  resting  on  an  Archean  basement,  while  younger  Paleozoic 
rocks  are  also  present.  H.  H. 


The  Meteor  Crater  of  Canyon  Diablo,  Arizona;  Its  History,  Origin, 
and  Associated  Meteoric  Irons,    By  George  P.  Merrill.    Re- 
printed from  Smithsonian  Miscellaneous  Collections  (Quarteriy 
Issue),  Vol.  L,  Part  4,  pp.  461-98,  pis.  LXI-LXXV,  figs.  124-29. 
Washington,  January  27,  1908. 
The  author  inclines  strongly  to  the  view  that  the  peculiar  topographic 
feature  commonly  known  as  Coon  Butte  owes  its  origin  to  the  impact  of  a 
meteorite  of  unprecedented  size.    The  crater,  which  is  4,000  feet  in  diam- 
eter and  500  feet  deep,  lies  in  a  region  of  undisturbed  sedimentary  rocks 
which  are  horizontally  bedded  except  in  the  immediate  vicinity  of  the  crater 
itself,  where  they  show  a  strong  quaquaversal  dip.    Extensive  development 
work,  now  being  carried  on  by  a  mining  company  in  the  field,  fails  to  sub- 
stantiate the  theory  that  volcanic  action  has  been  the  factor  involved,  but 
shows  that  the  disturbance  was  essentially  superficial.    Microscopic  and 
megascopic  studies  of  the  fragmental  materials  in  and  about  the  crater  indi- 
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cate  the  action  of  a  force  which  caused  considerable  crushing,  and  which 
may  have  been  due  to  meteoritic  impact,  followed,  perhaps,  by  an  intense 
explosion.  H.  H. 

The  Geology  of  the  Compostela-Danao  Coal  Field.    By  Warren  D. 
Smith.    From  the  Philippine  Journal  of  Science,  Vol.  II,  No.  6, 
PP-  377-403.     15  pis.,  3  niaps.    Manila,  1907. 
The  area  mapped  covers  36  square  miles  of  mountainous  country  on  the 
Island  of  Cebu  which  is  quite  generally  underlain  with  coal,  probably  of 
Eocene  age.    In  the  area  under  consideration  there  are  indications  of  the 
presence  of  several  million  workable  tons  of  coal,  and  these  are  now  being 
partially  developed.    The  lack  of  suitable  timber  to  support  a  rather  weak 
roof,  and  the  high  inclination  of  the  beds  offer  great,  but  not  insuperable, 
difficulties  for  profitable  mining.    An  igneous  base  underlies  the  region 
and  on  it  were  deposited  the  coal  measure  shales,  and  the  sandstones  and 
conglomerates  of  the  Eocene.    The  Oligocene  and  Miocene  are  represented 
by  interesting  deposits  of  limestone.  H.  H. 


Meteorite  Studies,  II.    By  Oliver  Cummings  Farrington.    Field 

Columbian  Museum,  Publication  122.     18  pp.,  14  pis.     Chicago, 

1907. 

Complete  descriptions  are  here  given  of  a  number  of  meteorites  and  of 

the  conditions  under  which  they  were  discovered.     Photographs  of  the 

rocks  and  plans  of  various  localities  add  to  the  clearness  of  the  exposition. 

It  will  be  remembered  that  the  same  author  gave  an  excellent  summary  of 

the  constituents,  structure,  and  theoretical  origins  of  meteorites  in  this 

Journal,  Vol.  IX,  pp.  51,  174,  393,  522,  and  623.  H.   H. 
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STRUCTURAL  GEOLOGY  OF  THE  MIDDLE  YANG-TZl- 
KIANG  GORGES 


E.  C.  ABENDANON 


During  the  first  half  of  the  year  1904  I  made  an  exploration  trip 
in  the  province  Ssi-ch*uan  of  West  China,  which  I  reached  by  going 
up  the  Middle  Yang-tzi-kiang  from  I-ch'ang  to  Chung-king.  The 
results  of  this  journey  are  published  in  the  Revue  Universelle  des 
Mines  (1906),  of  which  a  separate  edition'  also  appeared.  The 
reason  why  I  now  return  to  this  subject  is  to  compare  my  results 
with  those  obtained  by  Messrs.  Bailey  Willis  and  Eliot  Blackwelder, 
who — and  this  is  a  curious  coincidence — reached  I-ch*ang  on  the  same 
day  (June  9,  1904)  as  I  did,  after  our  travels  in  China.  To  my  regret 
this  coincidence  did  not  lead  to  our  meeting,  either  at  I-ch*ang  or 
on  board  the  steamer  to  Hankow.  Their  researches  and  personal 
views  were  published  in  the  splendid  work.  Research  in  China,  under 
the  auspices  of  the  Carnegie  Institution  of  Washington,  in  April,  1907. 

In  this  description  of  the  structural  geology  of  the  Middle  Yang- 
tzi-kiang*  I  shall  go  much  more  into  details  than  in  my  publication 
about  the  Red  Basin.  On  the  other  hand,  I  shall  only  cursorily 
describe  the  encountered  formations  and  not  enter  into  the  peculiarities 
of  the  separate  strata.  In  contrast  to  my  former  description  I  shall 
not  this  time  mention  my  observations  in  an  upriver  direction,  but 
in  a  downstream  one,  this  manner  having  the  advantage,  as  we  shall 

»  GiologU  du  Bassin  Rouge  de  la  province  Se-Tchouan  en  Chine. 

a  The  accompanying  map  has  been  put  together,  as  far  as  topography  is  concerned, 
from  those  of  Arthur  Kniep  and  R.  H.  Sargent. 
Vol.  XVI.  No.  7  587 
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presently  see,  that  the  windings  of  the  river  can  b 
from  the  geological  structure  of  the  country. 

From  K'ui-ch6u-fu  to  I-ch'ang  the  Yang-tzi  ; 
of  13s  km.  through  the  ranges  of  mountains 
Basin  of  Ssi-ch'uan.  Formerly  I  have  already  oh 
clines,  which  in  the  Red  Basin  strike  almost  N 
round  in  the  north  and  east  toward  the  NE, 
explain  this,  I  assumed  that  the  Red  Basin  had  I: 
up  against  the  old  mountain  ranges  of  Kuen-luE 
trending  in  almost  equatorial  direction.  The  tn 
ranges  of  the  Red  Basin  do  not  therefore  confoi 
the  basin  itself. 

From  K*ui-ch6u-fu  to  I-ch'ang  the  Yang-tzi 
lowing  formations: 

1.  A  granitic  formation  intersected  by  numerc 
diorile,'  and  melaph\Te,  all  of  them  striking  alm< 

2.  Met  amorphic  schist,  consisting  of  hombl 
mica  schists,  alternating  with  layers  of  nearly  puj 

3.  Purplish-brown  limestone  with  fossils,  amo: 
nautilus,  which,  according  to  Professor  Freeh, 
the  Lower  Silurian.     The  most  striking  are,  ho) 
and  very  largu  casts  of  Orthoceratites.     This  is,  I 
Ordovician  Ki-sin-ling  limestone  of  Blackwelder 

4.  Green  shales  of  about  900  m.  thickness;  tl 
ozoic  Sin-t'an  shale  of  the  afore-named  gentlemei 

5.  The  gorges-limestone  formation,  1,600  m. 
two  other  explorers  Wu-shan  limestone. 

As,  according  to  my  researches,  not  only  a  p 
gorge  but  all  the  gorges  are  buih  up  of  this  form 
name  gorges-limestone  better  than  Wu-shan  lime 
tion  is  considered  as  belonging  to  the  "Upper 
said  gentlemen. 

What  Blackwelder  comprises  in  the  K*ui-ch 
divided  by  me  as  follows: 

6.  The  reddish-brown  sandstone  and  argillit 
thick. 

I  Under  these  names  arc  comprised  various  kinds  of 
*'Ganggestcine"  of  granito-dioritic  character. 
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7.  The  slaty  limestone  formation,  300  to  400  m. 

8.  The  sandstone  formation,  with  layers  of  coal,  whose  flora 
belongs  to  the  Rhetian,  600  m. 

9.  A  formation,  1,800  to  2,500  m.,  of  alternating  strata  of  sand- 
stone and  argillite,  the  former  of  which  are  generally  of  eolian  origin. 
This  has  been  named  by  me  the  K*ui-ch6u  formation. 

Between  8  and  9  there  is,  in  the  middle  of  the  Red  Basin,  a  series 
of  marls,  50  m.  thick,  but  this  is  lacking  in  the  bordering  part. 

The  formations  7  and  8  I  believe  I  may  coimt  as  belonging  to  the 
Permian  or  to  the  Lower  Triassic,  and  to  the  Upper  Triassic. 

The  stratum  between  8  and  9  seems  to  belong  to  the  chalk  forma- 
tion, so  that  the  K'ui-ch6u  formation,  in  which  I  did  not  find  any 
organic  remains,  may  be  considered  as  belonging  to  the  chalk  forma- 
tion, and,  taking  into  account  the  thickness  of  the  formation,  it 
might  be  assumed  that  the  deposit  continued  into  the  Tertiary  Period. 

The  folds  of  the  Red  Basin  of  Ssi-ch'uan  are  of  later  date  than  the 
K'ui-ch6u  formation.  As  latest  formation  must  be  named  the 
following: 

10.  A  conglomerate  bank,  which  I  have  encountered  in  several 
parts  along  the  Yang-tzi-kiang.  The  bowlders  and  pebbles  in  this 
conglomerate  generally  are  of  eruptive  origin  whereas  the  cement 
consists  of  a  calcareous  siliceous  tufa.  This  must  therefore  be  the 
latest  formation,  whose  origin  dates  after  the  folding  of  the  Red  Basin. 

We  will  now  describe  the  structural  geology  of  the  Middle  Yang- 
tzi-kiang  gorges  going  downstream  from  K*ui-ch6u  to  I-ch'ang. 
Coming  from  the  synclinal  area,  west  of  K'ui-ch6u-fu,  the  Yang-tzi 
for  the  first  time  encounters  the  high  gorges-limestone  mountain 
ranges,  to  the  east  of  that  place.  On  the  left  bank  the  river  tries  to 
penetrate  the  softer  upper  strata  so  that  a  creek  is  formed  there.  But 
as  the  softer  layers,  which  formerly  spread  out  like  a  mantle  over 
the  anticlinal  gorges-limestone  mountain  range,  and  nowadays  have 
been  washed  away  from  the  crests  of  this  range,  still,  as  a  whole,  form 
a  kind  of  dam,  the  Yang-tzi  is  forced  to  make  a  bend  toward  the  first 
of  the  great  gorges:  the  Fong-hiang-hia  or  gorge  of  K'ui-ch6u-fu. 
This  gorge  being  a  deep  incision  of  the  big  river  through  the  mountain 
range  east  of  K'ui-ch6u-fu,  clearly  shows  its  structure. 

The  gorges-limestone  strata  strike  about  ENE-WSW  and  dip 
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40°  WNW.  The  river  narrows  considerably 
and  the  banks  at  once  rise  to  double  the 
height  of  what  they  were  outside  the  gorge. 
Soon  the  dip  decreases  to  25°,  and  in  the 
deeper  levek  of  the  formation  to  7®  or  8°. 
Now  soon  follows  the  anticb'nal  flallening 
of  the  layers,  and  after  a  pretty  long  distance 
with  the  strata  in  horizontal  position  the 
southerly  inclined  limb  also  makes  an  angle 
of  7°  to  8°.  This  is  a  broad  and  low  fold. 
Suddenly  the  strata,  with  a  faint  southerly 
dip,  bend  round  sharply  and  get  a  northerly 
dip,  and  now  the  layers  rise  to  the  south 
under  an  angle  of  70°.  This  time  the 
anticlinal  folding  follows  much  sharper,  and 
the  southern  limb  dips  75°  south.  In  both 
limbs,  and  in  the  crest  of  the  anticline  itself 
the  layers  are  not  straight,  but  waved,  and 
show  many  secondary  plications.  All  this 
|X)ints  to  a  strong  compression  and  forcing 
outward  of  this  anticline. 

The  structure  of  this  first  limestone 
mountain  range  as  it  appears  in  the  gorge  of 
K'ui-ch6u-fu,  therefore,  is  that  of  two  folds 
strongly  pressed  together,  each  of  which 
takes  up  just  one-half  of  the  length  of  the 
gorge  on  the  river  level  (see  Fig.  i). 

As  soon  as  the  river,  a  little  way  above 
Tai-chi-ch'ang,  issues  from  the  gorge,  it  re- 
obtains  a  double  width  in  the  syncline  area  of 
Wu-shan.  To  the  north  and  to  the  south 
the  river  is  inclosed  by  the  lofty  gorges- 
limestone  mountains,  and  the  next  gorge  is 
already  perceptible  in  the  range  south  of  the 
Yang-tzi.  In  this  syncline  nothing  is  left 
of  the  later  formations  but  the  reddish- 
brown  and  the  slaty  limestone  formations, 
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with  a  slight  relic  of  the  sandstone  formation.  It  is  a  strongly 
compressed  syncline,  by  reason  of  which  compression  a  commence- 
ment of  dynamo-metamorphosis  is  observable,  especially  the  reddish- 
brown  formation,  recognizable  by  the  far  greater  hardness  of  its 
sandstone  layers,  and,  besides  that,  by  their  becoming  slaty  on 
account  of  the  greater  amount  of  mica  they  contain. 

In  the  following  description  of  the  different  strata  and  their  position 
in  the  synclinal  area  of  Wu-shan,  I  must  neglect  details  and  shall 
merely  describe  the  structure  in  general  features. 

The  Yang-tzi,  which  in  the  K'ui-ch6u-fu  gorge  flowed  almost 
vertically  to  the  trend  of  the  strata,  downstream  Tai-chi,  transects 
the  reddish-brown  and  the  slaty  limestone  formations  which  also  dip 
SSE,  and,  after  a  wedge-like  compressed  syncline,  it  strikes  against 
the  25°  NNW-dipping  limb  of  the  anticline  south  of  the  river.  This 
causes  the  river  near  K'ui-ch^-pan  to  bend  from  its  ESE  course  into  a 
NE  direction.  In  this  part  the  layers  are  much  disturbed,  and  a 
relic  of  the  sandstone  formation  is  found  among  the  slaty  limestones. 
Near  Tan-tia-wan  the  river  has  again  gone  too  far  north  and  has 
abutted,  in  steeply  SSE-dipping  layers,  against  the  southern  limb  of 
the  northern  anticline.  The  river  is  now  again  forced  to  bend,  and 
flows  in  a  WNW  direction  through  the  strata  of  the  slaty  limestone 
formation,  which,  at  first  dipping  faintly  SSE,  soon  becomes  almost 
horizontal,  and  then  again  dips  50®  NNW;  and  lastly  the  river  forces 
its  way  into  the  reddish-brown  formation,  which  also  dips  precipitously 
north.  Near  Wu-shan  the  river  has  thus,  for  the  second  time  after 
Tai-chi,  entered  the  northern  limb  of  the  southern  anticline,  which 
it  has  again  transected  in  a  gorge  just  below  Wu-shan. 

Before  describing  this  gorge,  being  another  magnificent  section 
through  a  high  mountain  range,  I  will  just  discuss  the  profile  of  the 
Ta-ning-ho,  a  tributary  river,  which  flows  into  the  Yang-tzi  near  Wu- 
shan.  Going  in  a  NNW  and  N  direction  from  Wu-shan,  along  very 
hilly  territory,  in  whose  narrow  synclinal  valleys  I  only  found  relics 
of  the  reddish-brown  and  of  the  slaty  limestone  formations,  I  reached 
the  place  Ta-ch'ang  or  Kiu-shi-li-p'u  on  the  Ta-ning-ho.  This 
swift  narrow  mountain  stream  I  followed  to  its  confluence  with  the 
Yang-tzi.  Owing  to  the  imposing  gorges  through  which  we  passed, 
and  to  the  remarkable  skill  and  proficiency  in  navigation  with  which 
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itjt  %kh*«r5  Of  the  rtTtt-  cnr  T^sdtd  rhrfr  boas  owrr  rapiii^  and  along 
an  aIn!o^  ztctzmrsihr  bead  in  dae  riw.  viiere  die  cuiicuL  set  scra^fat 
u^jn  zijt  s^eep  fifff^.  ths  v^k  certamlr  ooe  of  the  finest  aztd  most 
Kirrinz  of  mv  varcr  :rfp5  in  Chiitt-  The  rapids  are  generallT  formed 
in  ^}Tu:IinaI  ternrocy  bj  bars  or  bovkkxs;  here  the  rnv  is  broad  and 
iVi  banks  are  generallj  kyver.  Oahr  oocc  there  was  a  fall  of  a  few- 
feet  in  the  bed  of  the  river  itself.  In  the  Eznesooe  gorges  the  rher  b 
much  narrower  and  connned  between  high  steep  rfitfs. 

My  observations  there  coincide  prenj  wdl  with  those  of  WiDis 
and  BlackweWer.  On  pp.  277,  278  of  their  work*  they  say:  ~  Akmg 
the  Ta-ning-ho  the  red  series  seems  to  be  devrnd  of  coal  which  may  lie 
higher  in  the  system  than  any  strata  remaining  in  those  syndines.'' 
As  I  have  already  observed  bef<xie,  there  only  remain  in  these  syndines 
the  strata  that  lie  far  below  the  sandstone  formation  with  its  layers 
of  coal. 

Ta-ch'ang  is  situated  in  a  rather  wide  synclinal  area.  If  we  go 
down  the  Ta-ning-ho,  a  ver>'  winding  river,  akmg  whose  course  many 
fjebble  banks  form  small  rapids,  we  reach  after  a  sharp  bend  the  first 
gorge,  the  Lao-men-hia.'  Here  again  the  gorges-limestone  strata  is 
folder]  up  in  an  anticline  of  which  the  northern  limb  dips  steeply  and 
the  southern  limb  but  faintly.  It  took  us  a  little  more  than  an  hour 
to  pass  this  gorge.  During  twenty  minutes  we  next  float  down 
through  a  synch'nal,  more  ojx^n  area,  with  a  dangerous  rapid,  which 
leaves  but  a  narrow  passage-way  between  banks  of  pebbles;  and  then 
we  reach  the  next  gorge,  which  exposes  two  lower  folds  pressed 
tog(!lher.  The  southern  limb  of  the  second  of  these  folds  dips  20°- 
30'^  SSK.  The  gorge,  called  "Lung-chin-hu-cho-hia,"  or  "gorge  of 
the  dragon  and  tiger,"  is  passed  in  fifty  minutes.  Sin-t'an-hia^  is 
situaterl  at  the  lower  end  of  the  gorge,  which  again  opens  on  a  second 
synclinal  area,  in  which  the  river  makes  almost  a  loop.  Here  again 
was  a  very  clifilcult  rapid,  at  least  when  the  water  is  at  the  height 
encountered  l)y  me.  The  next  and  fourth  anticline  i§  less  broad,  and 
then,  after  a  short  synclinal  area,  there  again  follows  a  gorges-lime- 
stone anticline,  in  which  the  now  very  swiftly  flowing  Ta-ning-ho  has 
excavated  a  narrow  gorge.     To  reach  this  gorge  we  had  to  pass  a  very 

«  Rf search  in  China.  '  Old  Gate  Gorge. 

i  Litcriilly,  New  Rapid  Gorge. 
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difficult  rapid,  just  at  a  place  where  the  river  made  a  rectangular 
turn.  This  too  was  negotiated  with  remarkable  skill  by  the  two 
steersmen  standing,  the  one  fore  and  the  other  aft;  these  two  men 
and  myself  being  the  only  members  of  the  party  to  remain  on  board 
the  sloop,  the  others  preferring  to  walk  along  the  river  banks. 

These  last  two  anticlines  must  be  considered  as  the  easterly 
prolongation  of  those  of  the  gorge  of  K'ui-ch6u-fu.  We  see  that 
these  two  anticlines,  having  diverged  east  of  K'ui-ch6u-fu,  have  got 
limbs  of  almost  equal  dip,  and  have  therefore  become  lower  from 
west  to  east,  especially  the  southern  one. 

It  takes  nearly  two  hours  to  go  down  stream  from  Sin-t'an-hia  to 
the  lower  end  of  the  last  gorge  and  twenty  minutes  more  through  the 
synclinal  area  to  Wu-shan. 

From  K'ui-shi-li-p'u  to  Wu-shan  five  anticlines  with  an  almost 
equatorial  direction,  which  lie  close  together,  are  thus  transected 
by  the  Ta-ning-ho.  Just  below  Wu-shan  the  Yang-tzi  makes  a  bend 
like  the  one  below  K'ui-ch6u-fu,  and  leaves  the  steeply  NNW-dipping 
reddish-brown  formation,  to  enter  the  80°  NNW-dipping  gorges- 
limestone  formation.  In  this  second  of  the  grand  gorges  of  the 
middle  Yang-tzi  the  river  flows  at  first  almost  in  the  trend  of  the 
layers,  only  gradually  reaching  deeper  levels.  This  already  points 
to  the  sinking  of  the  anticline,  to  which  this  limb  belongs,  viz.,  in  an 
easterly  direction.  Just  upstream  before  the  hamlet  Klao-che,  the 
river,  which  in  this  part  of  the  gorge  has  but  slightly  narrowed,  enters 
the  underlying  formation,  the  olive-green  Sin-t'an  shale,  of  which  the 
upper  part  is  brownish  red.  We  now  perceive  on  the  left  bank  a 
very  fine  dome'  in  the  gorges-limestone  formation,  below  which  the 
observed  Sin-t'an  shale  are  situated  (see  Fig.  2).  We  also  observed 
that  from  west  to  east  the  Sin-t'an  shale  remains  much  lower,  which 
also  points  to  a  sinking  of  the  anticline  toward  the  east.  After  having 
for  a  short  distance  transected  the  southern  limb  of  this  anticline  in  the 
gorges-limestone,  below  Wen-che-chi  we  find  very  markedly  plicated 

« Willis  and  Blackwelder,  op.  cU.,  Vol.  I,  p.  287:  "Northwest  of  the  grand  arch 
of  the  Wu-shan  limestone,  probably  one  of  the  most  superb  exposures  of  a  fold  in  the 
world,  the  K'ui-chdu  red  beds  occur  in  the  syncline,  and  the  Yang-tzi  valley  is  developed 
in  them  for  some  miles  westward."  From  the  above  it  is  clear  that  in  this  case  under 
the  K*ui-chdu  red  beds  must  be  understood  the  reddish-brown  and  the  slaty  lime- 
stone formation,  but  not  the  proper  K'ui-ch6u  series. 
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layers  in  the  same  formation,  which  eventually  dip  65°  XW  near 
Sui-che-t*an.  The  Yang-tzi  is  bent  round  to  the  SSE  and  cuts  almost 
vertically  the  next  anticline,  the  upper  strata  of  the  northern  limb  of 
which  are,  as  just  mentioned,  strongly  compressed.  The  XW  dip 
of  the  layers  at  first  increases  to  80°  and  then  diminishes  to  25°. 

And  then  the 
anticlinal  arch 
in  both  of  the 
limestone  walls 
becomes  beauti- 
fully visible. 
This  very  fine 
section,  in  the 
middle  of  which 
the  two  limbs  of 
the  anticline, 

Unh  dipping  J5''  j^o°,  are  most  clearly  exposed,  stretches  over  almost 
the  whole  length  of  the  SSE-directed  course,  in  which  the  narrow 
Vang  i/.'i  llowN  below  Wcn-chc-chi.  In  the  last  part  of  the  SE  limb 
the  layers  ilip  70''  soulli.    ^, 


Near  'IV'ing  slii  lung 
the  Vang-l/i  turns 
sharply  to  the  east,  and 
Hows  llirougli  llie  east- 
ern continuation  of  a 
valley,  formed  by  a 
we(lgc-shai)e(l  synclinc 
(like  that  reprcxluced 
in  Fig.  3).  Inside  the 
valley  looking  west,  we  could  see  a  series  of  south-dipping  layers 
of  the  reddislvbrown  formation,  but  soon  below  Ts'ing-shi-tung  the 
river  banks  arc  formed  of  50°  to  55°  north-dipping  layers  of  gorges- 
Hmestone,  which  shows  that  the  river,  emerging  from  the  wedge- 
formed  connection  of  the  two  anticlinal  Hmbs,  has  pierced  into  the 
northern  limb  of  a  southern  anticline,  which,  in  this  part,  trends 
nearly  EW.  From  Ts'ing-shi-tung  to  Fu-li-chi,  the  Yang-tzl  remains 
le  upper  part  of  the  gorges-limestone  formation,  which    aus< 
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the  river  to  become  broader  and  the  banks,  especially  the  left  bank, 
less  high.  The  right  bank  rises  much  higher,  according  to  the  dip 
of  the  layers  toward  the  north.  Before  Pei-chi  the  gorges-limestone 
Hmb  bends  slightly  toward  the  SE,  visible  by  the  NE  dip  of  the 
layers.  After  a  short  transversal  fault,  the  EW  trend  of  the  anticline 
reappears.  Before  a  cleft  in  the  river  bank  near  Leng-sui-chi,  where 
the  layers  show  many  plications,  a  bar  of  stones  has  been  formed, 
and  in  the  gorge  itself  there  is  a  small  rapid,  a  thing  which  is  very  rare 
in  the  gorges.  A  little  farther  on,  we  see  in  front  of  a  cleft  in  the  left 
bank  a  bar,  formed  by  many  reddish-brown  and  gray  pebbles,  which 
reveals  the  existence,  to  the  north  of  the  river,  of  a  svnclinal  area  of 
the  reddish-brown  formation.  In  fact,  I  found  to  the  north  of  Fu- 
li-chi,  the  reddish-brown,  and  also  part  of  the  slaty  limestone  forma- 
tion, with  very  slaty  layers,  caused  by  the  strong  compression  of  the 
narrow  syncline.  These  show,  especially  in  the  slaty  limestone,  all 
the  colors  ranging  from  reddish-brown,  orange,  yellow,  and  olive 
green  to  grayish-blue.  Just 
before  Fu-li-chi  there  again 
appears  in  the  mountains  to 
the  south  of  the  Yang-tzi  a 
fine  dome,  standing  almost 
vertically  on  the  river,  which 
thus  points  to  the  existence 
of  a  third  anticline  (see 
Fig.  4).  Below  Fu-li-chi, 
till  Nan-mu-yiian,  the  river 
again  penetrates  the  deeper  levels  of  the  gorges-limestone  formation. 
The  secondary  plications  accompanied  by  small  faults,  are  continued 
in  the  layers,  which  have  a  general  EW  trend  and  dip  60°  N.  Below 
Yang-chi-p'ong  the  river,  which  was  flowing  ESE  and  E,  turns  to 
the  NE.  For  this  fact  we  soon  find  the  explication  in  the  NW-dip- 
ping  layers,  which  therefore  point  to  a  turning  of  the  anticlinal  axis 
from  an  EW  to  a  NSW-NE  direction.  In  this  latter  portion  of  the 
gorge  the  layers  show  many  small  secondary  folds  and  faults,  while 
to  the  south  of  the  Yang-tzi,  in  the  higher  mountains,  once  more  an 
indication  of  the  anticline  is  given  in  the  layers  that  are  bent  round  to 
a  horizontal  position.     At  last,  near  Kuan-tu-k'ou,  we  emerge  from 
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the  45  km.  long  Wu-shan  gorge,  through  layers,  dipping  rather  steeply 
X,  of  the  upper  levels  of  the  gorges-limestone  which  show  a  turning  of 
the  anticlinal  axis  toward  W-E. 

To  recapitulate  we  see  that  as  far  as  the  Wu-shan  gorge  exposes 
the  structure  of  the  mountain  range  south  and  east  of  Wu-shan,  this 
range  appears  to  be  formed  by  three  anticlines,  closely  pressed 
together.  Of  these  the  anticline  farthest  upstream  rises  highest,  for 
in  that  we  see  the  green  slaty  formation  underlying  the  gorges-lime- 
stone formation.  (Fig.  5  gives  a  sketch  of  my  conception  of  the 
geological  structure  of  this  gorge.)     The  Yang-tzi  has  cut  its  course 

A-        quite     through    the 
^S  northern    two    anti- 

clines, and  then 
through  part  of  the 
northern  limb  of  the 
southernmost  one. 

From  the  above  it 
wiU  appear  that  my 
.—  obisersations,  which 
were  taken  while 
going  upstream,  at 
the  rate  of  25  km.  a 
day,  differ  in  many  particulars  from  those  of  Willis,  which  were 
taken  during  the  so  much  swifter  course  downstream. 

The  principal  difference  is,  that  Willis  considers  a  great  part  of 
the  Wu-shan  gorge  to  be  formed  of  Ki-sin-ling  limestone,  while  I 
maintain  thai  nothing  but  the  gorges-limestone,  Willis'  Wu-shan 
limestone,  appears  in  that  gorge. 

Willis  writes:  "Below  Nan-mu-yiian  the  base  of  the  Wu-shan 
limestone  is  marked  by  the  occurrence  of  black  cherts  and  it  may  be 
assumed  that  the  Sin-t'an  (middle  Paleozoic)  shale  occurs  in  its 
proper  place  below  the  limestone,  but  we  did  not  see  it."* 

From  what  I  have  \\Tittcn  above,  it  appears,  that  the  thick  Sin- 
t'an  shale  formation  was  not  observed  by  me  either  in  that  place, 
although  it  would  have  been  almost  an  impossibility  to  overlook  it 
(had  it  been  there)  going,  as  I  did,  so  slowly  upstream.     Besides,  in 

I  Op.  cit.,  Vol.  I,  Part  i,  pp.  286,  287. 
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connection  with  the  rest  of  my  researches,  it  could  not  be  expected  to 
occur  there.    Willis  continues: 

Between  Nan-mu-yiian  and  Wu-shan-hien  the  Yang-tzl  flows  across  a  sequence 
of  smaller  and  larger  folds,  chiefly  of  the  Ki-sin-ling  limestone,  but,  at  the  head 
of  the  gorge,  consisting  only  of  the  Wu  shan  limestone.  The  sequence  will  best 
be  understood  by  reference  to  the  section  [see  his  Fig.  61],  which  was  sketched, 
as  we  floated  past  the  magnificent  cliffs  in  which  it  was  exposed.  As  we  could 
not  measure  distances,  the  distribution  along  the  river  was  noted  and  has  since 
been  adjusted  to  "Chevalier's  map  of  the  Yang-t^.''  Two  anticlines  and  a 
syncline  bring  the  top  of  the  Ki-sin-ling  limestone  high  above  the  stream,  above 
and  below  Nan-mu-yuan.  For  several  miles  below  Ts4ng-shi-tung  the  course 
is  in  the  axis  of  a  carinate  S}nicline,  a  position  determined  by  the  Sin-t'an  shale, 
although  the  canyon  is  now  sunk  below  that  formation  in  the  Ki-sin-ling  lime- 
stone. The  thin  beds  of  the  latter  dip  very  steeply,  but  above  them,  in  a  nearly 
flat  position,  the  Wu-shan  forms  the  upper  cliffs.  From  half  a  mile  above 
Ts*ing-shl-tung  the  synclinal  valley  extends  westward  but  it  is  occupied  only  by 
a  small  tributary.  The  lower  part  of  the  Wu-shan  gorge  is  cut  across  a  great 
anticline  of  the  ELi-sin-ling,  the  arch  extending  up  to  the  mountain  tops  3,000  feet 
or  more  above  the  river.  The  inner  part  of  the  anticline  in  the  thin-bedded 
strata,  near  the  base  of  the  formation,  is  therefore  exposed  along  the  water  level, 
and  is  seen  to  be  characterized  by  many  sharp  folds  and  possibly  by  minor  over- 
thrusts.  The  details  could  not  be  followed  as  we  passed,  but  the  major  struc- 
ture was  clear.  Finally,  toward  the  west,  the  dip  is  continuous  on  the  northwestern 
limb  of  the  arch,  and  the  Sio-t'an  shale  comes  in  above  the  limestone.'  The 
shale  is  overlaid  by  the  Wu-shan  limestone  with  characteristic  black  chert  of 
the  lowest  beds.  There  is  a  repetition  of  the  shale  and  limestone  with  black 
chert,  occasioned  by  a  slight  overthrust  at  this  horizon  of  adjustment,  and  then 
follows  the  mass  of  the  Wu-shan  limestone  forming  the  upper  part  of  the  Wu-shan 
gorge. 

We  see  that  this  description  differs  very  materially  from  my 
researches.  In  confirmation  of  my  ov^rn  views  I  must  remark  that  it 
is  far  more  difficult  to  take  careful  observations  while  going  rapidly 
downstream  than  during  the  slow  course  upriver.  I  myself  experi- 
enced this  on  my  return  journey. 

If  we  now  continue  the  course  of  the  Yang-tzi,  below  K'uan-tu- 
k'ou,  it  will  appear  that  an  ever-widening  synclinal  area  is  occasioned 
between  two  anticlines,  viz.,  the  middle  anticline  of  the  Wu-shan 
gorge  with  its  NE-SW  trend,  which  in  the  NE  is  probably  bent  ENE- 
WSW,  and  the  almost  true  equatorial  trend  of  the  southernmost  of 

«  This  was  not  observed  by  me. 
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the  three  anticlines  of  the  Wu-shan  gorgie.  In 
this  sv-nclinal  area  occurs  for  the  first  time  down- 
stream since  K'ui-ch6u-fu  besides  the  reddish- 
bro^-n  and  the  slaty  limestone  formations,  the 
sandstone  formation  and  that  of  K*ui-ch6u-hien. 
.\fier  K'uan-tu-k'ou  the  Yang-tzi,  much  wider 
now,  flows  through  a  narrow  EXE-WSW  trend- 
ing sracline.  in  the  reddish-brown  and  the  slan* 
limestone  formations,  until  upstream  from  Wan- 
h'ou-two,  it  strikes  a  30®  south-dipping  limb,  and 
so  again  is  turned  toward  the  east  and  the  south- 
east. Another  bend  in  the  trend  of  the  layers  is 
also  obsenable  in  their  dip.  From  the  south- 
dipping  layers  the  river  is  headed  into  nonh- 
dipping  ones,  which  again  become  XE-dipping, 
the  layers  being  thereby  much  fractured.  Before 
Pa-tung-hien  the  dip  is  again  toward  the  nonh 
and  then  northwest.  Just  below  Pa-tung-hien  the 
Vang-tzi  cuts  across  the  upper  part  of  a  local  fold 
in  the  gorges-limestone  formation,  thus  showing 
in  the  right  river  bank  the  section  as  represented 
in  Fig.  6.  It  is  still  the  same  north-dipping  limb 
of  the  most  southerly  Wu-shan  gorge  anticline; 
and  the  layers,  dipping  consecutively  XW,  X,  and 
XE,  j>lainly  reproduce  the  fold  in  the  limb. 

The  Vang-tzi  then  continues  its  way  in  the 
;;o°-4o'^  north-dipping  layers  of  the  reddish-brown 
formation,  trending  ESE-WXW,  and  then  in  the 
slaty  limestone  formation,  which  here  has  much 
diminished  in  thickness  and  individuality.  Xear 
the  Xiu-k'ou-t'an  the  river  reaches  the  base  of  the 
>andstone  formation,  consisting  of  dark-green  sUily 
-anclstones.  The  river  now  flows  almost  in  the 
trend  of  the  layers. 

Xear  Pa-t*oii-t'an,  the  right  bank  consists  of 
the  reddish-brown  formation,  above  which  still  lie 
a  few  slatv  limestone  beds;  the  left  bank  is  of  the 
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sandstone  formation,  overlying  which  soon  appears  the  K'ui-ch6u-hien 
formation.  Near  Che-men  then  we  see  on  the  right  bank  the 
reddish-brown,  on  the  left  the  sandstone  and  K'ui-c6uh  formations. 

We  must  observe  the  thinning  out  of  the  slaty  limestone  formation. 
A  little  farther  downstream  we  see  the  layers  to  the  right  dipping 
south,  and  those  to  the  left  dipping  north,  and  this  fold  goes  from  the 
right  bank  to  the  left  just  above  the  Yeh-t'an.  This  fold  occurs  in 
the  reddish-brown  formation,  and  thus  we  have  come  out  of  the 
northern  limb  into  the  anticline  itself.  It  we  now  consider  that  the 
same  anticlinal  crest,  which,  a  little  above  Fu-li-chi,  was  estimated 
at  a  height  of  some  500  m.  in  the  gorges-limestone  formation  (Fig.  4) 
was  at  a  height  of  10  m.  near  Yeh-t'an  in  the  stratigraphically  much 
higher  reddish-brown  formation,  then  the  conclusion  is  patent,  tliat 
this  afUicline  of  Pa-tung  (as  I  shall  call  it)  has  greatly  diminished  in 
lieight  from  west  to  east. 

The  sandstone  formation  near  Yeh-t'an  contains  layers  of  coal,  as 
is  the  case  in  the  Red  Basin  itself.  It  rests  on  the  fold  in  the  reddish- 
brown  formation  and  supports  the  K'ui-ch6u  layers.  Immediately 
below  the  Yeh-t*an  the  fold  commences  to  turn  toward  the  south,  and, 
going  downstream,  we  find  the  NNE-dipping  limb  of  the  sandstone 
formation,  to  which  soon  succeeds  the  K*ui-ch6u  formation,  trending 
akeady  SE-NW  with  a  dip  NE.  In  the  thick  sandstone  beds,  about 
ten  in  number,  of  the  K'ui-ch6u  formation  which  appear  typically, 
especially  on  the  left  bank  till  close  to  K*ui-ch6u,  we  see  how  the  trend 
gradually  becomes  NS  and  the  dip  60°  east.  This  plainly  shows 
the  deviation  of  the  anticline  of  Pa-tung^  which  in  general  traits  has  an 
equatorial  direction^  to  a  meridional  one^  the  convex  side  of  the  bend 
being  turned  toward  the  NE,  The  significance  of  this  deviation  I 
have  set  forth  on  pp.  180,  181  of  my  Giologie  du  Bassin  Rouge,  where 
I  wrote: 

Another  deviation  was  observed  upstream  from  K*ui-ch6u;  it  is  the  one, 
to  the  south,  of  the  anticline  which  extends  from  the  middle  of  the  Wu-shan 
gorge  in  a  more  or  less  equatorial  direction  toward  the  east.  This  deviation 
must  have  been  caused  by  the  powerful  anticline  of  Nan-t*ou,  about  which  later. 

And  again  on  p.  190: 

I  must  finally  assume  that  the  anticline  of  Nan-t'ou  must  have  formed  the 
line  of  resistance  for  the  anticlines  of  the  Red  Basin,  which,  in  its  NE  part  trend 
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EXE-WSW.  Verr  miBPtiii^g  in  axmectiQa  vidi  tls  ^rr^**^  ^^  derimtion  of 
tbe  anfidrnr.  whidi  ntrnds  £edoi  cbe  middle  of  die  Wa-siiui  ^orge  kyvard  die 
east.  Tliis  devmooa  akes  pbcr  a  fitxie  fivther  maui^^iw^  mbtm  K*iii-di6a, 
from  a  directioa  aboot  EW  tt>  a  more  or  ks  merkfioBal  oacv  so  dm  die  ooorex 
side  B  taratd  tDwari  the  XE.  Tins  fact  shows,  ^B^Jr  ^^  capaotr  of  resistaDoe 
of  the  annriJTtr  of  Nan-t  oo,  whkh  resBtuace  voold  seem  tt>  me  impossible,  if 
a  great  fault'  reaHr  existed.  Aod,  seaaodlT,  dat  the  or%iii  of  the  anrirKn^  of 
Xan-t'oQ  most  date  from  before  the  foUiog  of  tbe  Red  Basm. 

According  to  my  idea  the  siniuiig  from  west  to  east  and  the  dem- 
tioo  of  the  anticline  of  Pa-tung.  have  in  the  structural  gecdogy  oi  the 
land,  a  very  special  and  interesting  signification,  ref^esenting  as  they 
do  the  relation  of  a  fold  of  the  Red  Basin  with  regard  to  the  anticline 
of  Xan-t'ou. 

This  deviation  of  the  antkJine  of  Pa-tung  has  not  been  obsened 
by  Willis.  PumpeUy  howe\-er  does  mention  it,  although  this  explorer 
also  failed  to  obser\-e  its  signification.     Piunpelly*  writes: 

Tbe  trend  of  tbe  beds,  which  near  tbe  gor]ge  (of  Mi-fan)  was  XXE,  with  a 
dip  of  about  40^  to  \I'XW,  chaises  here  to  X  with  a  dip  to  E  and  farther  up 
opposite  Kwei  (K'ui-ch6u-hien)  it  is  X  by  W  with  an  inclination  of  70^  E  by  N. 
Here  is  the  beginning  of  a  series  of  those  angular  plications  so  common  to  coal 
measures  in  all  countries.  Small  beds  of  limestone  and  red  argillite  alternate 
with  sandstone  until,  about  two  miles  abo\-e  Kwei,  the  first  coal  seems  to  crop 
out  and  with  the  appearance  of  these,  the  trend  changes  to  X\V  by  \V,  more 
than  90^  from  its  normal  direction  of  XE-SW 

If  we  look  at  the  hills  of  the  K'ui-ch6u  formation  near  K'ui-ch6u, 
we  see  as  Fitr.  7  shows)  for  the  last  time  the  indication  of  the  Pa-tung 
anticline  through  steep  EXE-<lipping  layers  on  the  left  bank  of  the 
Yang-tzT,  by  the  beginning  of  the  anticlinal  arch  in  the  top  of  the 
massive  hilly  landscape  at  the  place,  and  through  steep  WSW- 
dipping  layers  in  the  hindmost  hill-tops  on  the  right  bank  of  the  river. 

Below  K'ui-ch6u  the  trend  of  the  layers  is  XXE-SSW,  and  the  dip 
still  steep  ESE,  but  this  soon  becomes  less,  and  it  coincides  with  a 
decrease  in  height  of  the  surrounding  hills.  Xeither  do  the  hard 
sandstone  beds  occur  in  the  upper  levels  of  the  K'iii-ch6u  formation. 

'  This  remark  refers  to  my  observation  of  the  anticline  of  Xan-t'ou,  in  contrast 
with  von  Ric  hthofen's  Gehirgsbruch  bei  I-tsch*ang.  Willis  too  remarks  (p.  286  of  his 
work):  "von  Richthofen  was  thereby  led  to  consider  it  a  fault-scarp,  but  there  is  no 
fault  such  as  he  inferred." 

»  Smithsonian  Contributions  to  Kno^vUdge,  Vol.  XV,  "Gcolopcal  Researches  in 
China,  Mongolia,  and  Japan,"  p.  6. 
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Near  Lao-K'ui-ch6u,  a  deserted  place,  on  the  right  bank,  we  are  in 
the  synclinal  area  and  then  soon  follow  45°  WNW-dipping  layers, 
and  the  river  again  enters  into  the  levels  of  the  K'ui-ch6u  formation, 
which  here,  however,  do  not  contain  so  many  sandstone  beds  as  in  the 
western  limb  of  the  syncline. 

We  must  therefore  remark  the  thinning  out  of  the  hard  sandstone 
beds  of  the  K^ui-chdu  formation  from  west  to  east.  And  they  no  longer 
crop  out  so  typically  from  the  river  banks  as  above  K'ui-ch6u-hien. 
Under  the  K'ui-ch6u  formation  the  river  penetrates  the  slaty  sand- 
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Fig.  7 

stone  layers  of  the  sandstone  formation,  which  has  here  greatly  dimin- 
ished in  thickness  and  does  not  contain  any  coal  measures. 

We  must  observe  the  thinning  out  of  the  coal  layers  in  the  sandstone 
formation,  and  the  thinning  out  0}  the  formation  itself  toward  the  east. 

Directly  beneath  the  sandstone  lies  the  gorges-limestone  forma- 
tion, which,  rising  up  in  an  anticlinal  limb,  has  again  been  transected 
by  the  Yang-tzi  in  a  magnificent  and  grand  gorge. 

We  therefore  observe  that  the  reddish-brown  formation  is  also 
thinned  out  toward  the  east. 

In  the  Mi-t'an  gorge  the  Yang-tzi  cuts  across  30°  to  40°  WNW- 
dipping  layers  of  the  gorges-limestone  formation.  The  massive  moun- 
tains rise  to  more  than  double  the  height  of  these  in  the  preced- 
ing sandstone  area  of  Hsiang-chi.  Only  there,  where  a  softer  slaty 
layer  complex  occurs  in  this  formation,  we  find  a  small  valley  on  both 
sides  of  the  river.  This  same  layer  complex,  we  shall  see,  plays  an 
important  part  in  the  direction  of  the  course  of  the  Yang-tzi  in  the 
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I-ch*ar2  eorees-     In  the  MM'an  gorge  wc  see  before  us  a  wcsi-dip- 

pins  i:!nb  of  the  ztyrzes-hmtsioot  fomatioiu  beneath  which  appeals 

ibe  zrttzi  ?-hale  forrriaiion.  "Blackwekkr  and  Willis'  Sin-t'an  shak." 

hei^trtn  -Jx-  Mi-t'an  and  Xiu-kan-ma-fei  or  Oi-li\-er  goi^,  we 

fiTii  :he  Sin: 'an  area.     In  about  the  middle  of  this  area,  which  is 

borceTec  in  the  W.  S.  and  E  by  the  high  goi^es-limesione  mouniains. 

occtiTf  the  low  an«d  shan:»  fold  of  Lung-tchoe  of  which  a  photo  appear? 

o"  p.  Sy  of  zny  publication  on  the  Red  Basin.     This  fold  which  has  a 

-15'  W-i:ic:n2  and  a  ic"  E-dipping  limb,  Uself  dips  sUeply  souik 

roe  Y.z.  S  .     It  exT'^fes  a  reddi>h-brown  UmestCMie.  in  which  I  found 

lO^er  SiIurLiT.  nautili,  and  many  fine  and  ven'  large  Orthoceraiiie 

ci^tf--     I  therefore  believe  that  this  must  be  the  same  limestone  as  the 

^-.     _  Ki-sin-ling  limestone  of 

Blackwelder  and  Willis. 
On  this  limestone  rests 
the  green  shale  forma- 
tion iSin-t'an-shale)  and 
above  that  the  gorges- 
limestone    formation. 
All  this  as   far   as  the 
nghi  bank  is  concerned, 
k.    :r.    :he    con:rar>-.    the    Ki-sin-ling    limestone 
-7  !-:. l1-.  ir.vi  we  ::nd  under  the  reddish-bro\\'n 
r.i    iirk  ':  lue  one.  in  layers,  that  are  often  st^paraiod 
:>.  j^>  -^  rc;>u'.t  of  the  plication.     The  closing  of  the 
i-!r.  ':  y  :he  corges-hmestone  formation  was  not 
•  :.r:\  th-:  nonh,  looking  from  the  right  bank.     We 
r..::.  .^r.  the  nor.h  bank,  occurs,  on  top  of  the  hori- 
.  W-:::  :  ir.g  Sin-t'an  shales  a  thick  conglomerate 
r  :.-:  ;:-  tvVlA-s.  which  must  be  originally  from 
:: '.     Tr.:>  ':<\i  is  of  a  recent  date  and  was  formed 
f  :>.-.  Kt\i  Rdsin.  and  while  the  Vang-tzi  was  cut- 
.it.i  vttxtxr  into  the  mountains.     In  the  eastern 
uttit  tchvx  the  green  Sin-t'an  shale  formation  con- 
:..rt.-v  >,\r.  i>tv>nf  betis  than  in  the  western  limb. 
;t'  nisht^-  in  thickness  in  that  direction.     The 
r>  xiivn.-'s.s  an.:  the  Vang-tzi  again  enters  the 
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overlying  limestone  formation,  rising  to  mountain-heights,  in  which 
is  cut  the  Niu-kan-ma-fei-hia. 

In  this  gorge  the  dip  of  the  layers  soon  again  becomes  W,  and  so, 
going  down-stream,  we  find  ever  deeper  levels,  until,  immediately 
after  the  end  of  the  gorge  near  Miao-ho,  the  green  shales  reappear, 
but  now  in  very  much  thinner  beds. 

This  shale  formation  {Sin-fan  shale)  thins  out,  in  the  western 
limb  of  the  anticline  of  Nan-V ou,  from  west  to  east. 

The  Ki'Sin-ling  limestone,  which  was  exposed  by  the  fold  of  Lung- 
tchoe,  in  the  Sin-fan  area,  does  not  again  show  itself  east  of  the  Niu- 
kan-ma-fei-hia . 

As  Blackwelder  and  Willis  have  observed  in  the  upper  course  of 
the  Ta-ning-ho  the  Sin-t'an  shale  to  be  in  conformity  with  the  Ki-sin- 
ling  limestone,  so  that  this  limestone  formation  appears  to  extend  as 
far  as  Sin-t'an,  the  thinning  out  of  both  formations  toward  the  east 
would  increase  the  signification  of  age  of  the  anticline  of  Nan-t'ou. 
More  about  this  later. 

About  the  geoglogical  structure  of  the  Niu-kan-ma-fei-hia  or  Lu- 
kan  gorge  and  the  Mi-t'an  gorge  Willis  again  gives  a  description 
greatly  differing  from  my  own.     He  writes:' 

The  Lu-kan  gorge  is  a  canyon  across  the  Ki-sin-ling  limestone,  which  dips 
NW.  Above  Sin-t'an  the  overlying  middle  Paleozoic  shale,  which  we  have 
named  from  its  occurrence  at  this  point,  is  succeeded  by  the  Wu-shan  limestone, 
dipping  40°  NW  and  giving  rise  to  the  Mi-t*an  gorge. 

I  presume  that  while  going  so  swiftly  downstream  the  fold  of 
Lung-tchoe  was  overlooked,  and  so  the  whole  structure  was  wrongly 
interpreted.  According  to  Willis,  a  deep  valley  would  have  to  occtir 
between  the  two  limestone  formations.  The  photo  on  p.  43  of  my 
Giologie  du  Bassin  Rouge  shows  instead  of  a  valley  a  high  mountain 
range  of  gorges-limestone. 

At  the  lower  end  of  the  Lu-kan  gorge  the  trend  of  the  layers  is 
NNW-SSE.  Underlying  the  but  slightly  developed  green  shale 
formation  appear  the  crystalline  schists,  which  trend  NS  and  dip 
20°  W.  They  consist  of  mica,  chlorite,  and  hornblende  schists,  alter- 
nating with  nearly  pure  quartz  beds  and  intersected  by  dykes  of 
melaphyre.    Near  the  lower  opening  of  the  Lu-kan  gorge  (Niu-kan- 

«  Research  in  China,  Vol.  II,  Part  i,  p.  286. 
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ma-fe}-hia  there  occi2f&  a  fannd  drie  of  dioritk;  *^  Ganggestdn'' 
5Ja)gV>  acro£6  -Jae  rirer.  viiidu  haiing  left,  br  mramplrte  rror- 
ero^xKi.  a  couple  of  cli&  in  the  lircr  bed,  has  cmnsed  the  Kung-ling- 
I'an   a  daxtgerous  rapid  \ 

A  link  way  -jpstream  from  Mci-Gn-to  this  cnrstalHoe  sdusi 
fomiatian  s:ap^.  and  it  becxnnes  apparem  that  it  overlies  a  granite 
f onnatioxL  The  granite  fitends  in  a  range  of  low  rounded-off  cli& 
to  the  I-ch'ang  gorge  and  nGrthexhr  as  far  as  one  can  see.  Toward 
the  south.  ho'R•e^-eT,  we  see  the  gorges-limestone  momitains,  whidi 
o^-e^lk:  the  granhe.  stretching  in  one  angular  but  continuous  line  to 
the  next  gorge. 

This  fan.  taken  in  connecticMi  with  a  like  occurrence  in  the  Sin- 
t'an  area,  makes  me  draw  the  conclusion  that  there  must  have  existed, 
to  the  south  of  Xan-t'ou.'  a  more  or  less  equatcHially  trending  fold, 
which  therefore  stretched  about  vertically  on  the  anticline  of  Nan- 
t'ou.  The  >}'nclinal  area,  which,  according  to  my  \Tew,  and  in  con- 
neaion  with  this  fold,  exists  to  the  south  of  the  Yang-tzi  shows  a 
continuous  gorpes-limestone  formation,  both  near  Sin-t'an  with  the 
siei'ply  S-dippine  fold  of  Limg-tchoe,  and  between  the  Lu-kan  and 
I-ch*an2  ^or^e-.  The  anticlinal  parts,  which,  in  connection  with  the 
forf:2o:nt£.  rr/jK  have  existed  to  the  north  of  the  Vang-tzi  have  dis- 
apjxrar»:d  thro'j^^h  erosion. 

Thi-  continuation  of  the  serges- limestone  formation  overlN-ing  the 
granite  -o'jth  of  the  Van^r-izI  is  not  reproduced  on  Willis'  map. 

PumjKrlly.  on  the  other  hand,  writes: 

In  the  imme<iiate  neighborhood  of  the  river,  over  an  area  of  forty  or  fifty 
yjuare  miles,  the  limestone  has  disappeared  but,  in  the  distance,  on  both  sides 
of  the  Yang-tzl,  its  yellow  cliffs  are  seen  towering  to  a  height  of  more  than  2,000 
feet  above  the  water. 

As  far  as  the  granite  area  extends,  the  course  of  the  Yang-tzi 
shows,  with  regard  to  the  anticlinal  axis  which  must  run  through  it, 
a  ty}jically  symmetrical  line,  which  consists  of  two,  about  equally 
long  WXW-ESK  pieces,  connected  by  a  bend  toward  the  south.  In 
the  middle  part  of  the  granite  area  there  occur  many  dykes  trending 

»  On  the  maj)  of  my  GrologU  du  Bassin  Rouge,  Xan-t'ou  has  not  been  given  the 
right  location  as  is  also  not  the  case  in  the  map  of  Yi-tschang-fu  {Plankammer  der 
Kdnigl,  Prruss.  Lattdes,  Aufnahme),  from  which  it  was  copied. 
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about  N-S  of  aplite,  pegmatite  and  melaphyre,  which  have  only  been 
partly  ieroded  in  the  river  bed,  thus  leaving  obstacles,  which  give  rise 
to  rapids. 

As  I  already  found  occasion  to  remark  in  my  former  publication^ 
these  dykes  of  eruptive  matter  in  the  granite  and  crystalline  schists, 
I  bring  into  genetical  connection  with  the  plication  of  the  anticline  of 
Nan-t'ou. 

Just  below  Nan-t'ou  finally  begins  the  last  or  I-ch'ang  gorge. 
Pumpelly'  here  mentions  to  the  east  of  the  granite  area  of  Nan-t'ou, 
once  more  metamorphic  strata  and  says:  "Those  to  the  eastward, 
which  could  not  be  closely  examined,  seemed  to  be  gneiss  trending 
E-W  and  dipping  about  30°  to  S.'' 

Blackwelder*  relates  the  following  about  a  formation  named  by 
him  "the  Nan-t'ou  formation"  which  is  indicated  on  Willis'  map  to 
the  north  of  the  Yang-tzi: 

On  account  of  the  absence  of  fossils  the  age  of  the  Nan-t'ou  formation  is 
not  accurately  known.  It  lies  at  the  base  of  the  Cambro-Ordovidan  limestone 
from  which  we  obtained  lower  and  middle  Cambrian  fossils  within  less  than  100 
miles,  160  km.,  from  Nan-t'ou.  Hence  it  is  highly  probable  that  these  glacial 
beds  on  the  Yang-tzl  are  of  early  Cambrian  age. 

Little  is  known  at  present  regarding  the  areal  distribution  of  the  Nan-t*ou 
glacial  beds.  The  horizon  at  which  they  occur  is  exposed  many  miles  both  north 
and  south  of  the  Yang-td,  at  the  base  of  the  escarpment  which  is  crowned  by 
the  Cambro-Ordovician  limestone;  but  the  river  crosses  it  at  one  point  only  and 
we  had  no  other  opportunity  to  see  it.  At  the  lower  entrance  to  the  Lu-kan 
gorge  Pumpelly  examined  the  base  of  the  limestone  system,  and  reported  50  feet, 
15  m.,  of  quartzite,  overlain  by  limestones,  which  contain  layers  and  lenticular 
masses  of  flint.  It  is  probable  therefore  that  the  glacial  beds  do  not  occur  in 
that  locality. 

I  have  not  observed  anything  of  all  this,  and  only  saw  that  the 
gorges-limestone  rests  direct  on  the  granite  which  may  eventually 
have  become  gneissy.  "The  glacial  beds  of  early  Cambrian  age," 
I  am,  however,  at  a  loss  to  reconcile  with  my  own  observations. 

The  first  portion  of  the  I-ch'ang  gorge  shows  10°  SE-dipping 
layers,  which  the  river  crosses  almost  vertically.  At  the  same  place, 
where  a  diminution  in  the  incline  of  the  layers  occur  together  with 
their  more  slaty  condition,  the  Yang-tzi  bends  round  to  the  SSW. 

X  Smithsonian  Contributions  to  Knowledge,  Vol.  XV,  p.  4. 
>  Research  in  China,  Vol.  I,  Part  i,  p.  264. 
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In  the  Mi-t'an  gorge  we  saw  that  this  level  of  the  gorges-limestone 
formation  was  steeply  inclined,  and  on  both  sides  of  the  river  had 
been  excavated  into  deeply  grooved  cross  valle)rs.  In  the  eastern 
limb  of  the  Nan-t'ou  anticline  which  has  a  much  fainter  dip,  the  river 
has  completely  altered  its  course,  where  it  reached  this  softer  level  in 
the  hard  limestone  formation.  Afterward  it  again  bends  round  to 
an  ESE  course,  and  cuts  through  ever-higher  levels  of  the  gorges- 
limestone  formation,  until,  at  the  end  of  the  I-ch'ang  gorge,  it  makes 
a  sharp  curve  to  the  south.  In  this  latter  part  of  the  gorge  occur 
many  minor  plications  in  the- layers  which,  as  a  whole,  continue  to 
dip  io°  SE.  The  limestone  strata,  gently  sloping  away,  disappear 
under  the  I-ch'ang  series. 

Although  I  did  not  perceive  it,  Willis  again  assumed  the  existence 
of  the  Sin-t*an  shale  and  the  Ki-sin-ling  limestone  in  the  I-ch'ang 
gorge.     He  writes : 

The  lowest  or  I-ch'ang  gorge  of  the  Yang-tzl  is  cut  across  the  Wu-shan 
limestone  which  rises  at  the  rate  of  about  i,ooo  feet  a  mile  till  the  Sin-t'an  (middle 
Paleozoic)  shale  appears  from  beneath  it.  Further  upstream  the  Ki-sin-Iing 
(Cambro-Ordovician)  limestone  forms  a  second  gorge,  and  piassing  from  a  dip 
of  I  o°  to  a  nearly  horizontal  position,  gives  rise  to  the  mesa  like  heights  above 
Huang-ling-miau. ' 

But  the  deep  erosive  valleys  in  the  Sin-t*an  shale  altogether  fail  to 
prove  that  the  above  quoted  view  of  the  structure  of  the  I-ch'ang  gorge 
is  correct.  The  photo  published  by  me  on  p.  25  of  my  Giologie  du 
Bassin  Rouge  shows  high  rising  cliffs  of  limestone  on  the  left  side  of 
the  Yang-tzi,  where,  according  to  Willis,  a  deep  erosive  valley  of 
Sin-t'an  shale  ought  to  exist.  My  photos  on  p.  28  sufficiently  prove 
that  Willis*  idea,  that  the  Ki-sin-ling  limestone  borders  the  right  side 
of  the  Yang-tzi  from  Nan-t'ou  till  Huang-ling-miau,  is  not  in  accord- 
ance wuth  the  reality. 

Below  the  I-ch'ang  gorge  the  Yang-tzi  enters  upon  its  lower 
course,  and,  to  far  below  I-tu,  it  cuts  across  a  formation  of  sandstone 
and  red  argillite  layers,  which  between  I-ch*ang  and  I-tu  are  folded 
into  a  broad  and  flat  anticline. 

Blackwelder  calls  this  "  apparently  a  recurrence  of  the  K'ui-chdu 
formation.*'' 

I  Research  in  China,  Vol.  I,  p.  286. 
a  Op.  cit.,  p.  287. 
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In  the  Giologie  du  Bassin  Rouge,  pp.  163, 164, 1  remarked  concern- 
ing this: 

Although  the  formation  of  I-ch'ang  misses  the  characteristic  appearance  of 
the  K'ui-ch6u  formation,  we  may  safely  presume  that  both  are  of  the  same  geo- 
logical age,  especially  as  concerns  the  formation  of  I-ch'ang  and  the  upper  levels 
of  those  of  K'ui-ch6u.  In  the  sjmdine  of  Lao-k'ui-ch6u  we  have  observed 
isimilar  red  and  white  more  or  less  sandy  argillites  and  we  might  imagine  that 
the  coarser  material  was  deposited  in  the  Basin,  while  the  finer  matter  was  col- 
lected on  the  outside. 

Finally  I  must  still  mention  the  occurrence  of  a  thick  conglomerate 
bed  with  pebbles  of  a  size  ranging  from  that  of  a  marble  to  that  of  a 
fist  and  more,  which  is  found  on  both  sides  of  the  river  above  the 
present  water  level,  and  which  point  to  an  old  river  formation.  It 
therefore  dates  after  the  plication  of  the  Red  Basin,  and  has  been 
formed  by  the  action  of  the  hydrographical  system,  which  appeared 
after  the  plication. 

According  to  my  idea  Pumpelly  has  wrongly  interpreted  the  sig- 
nification of  the  conglomerate  layer.     He  writes: 

Near  the  city  of  I-ch'ang,  at  the  eastern  mouth  of  the  gorge,  the  limestone 
strata,  trending  here  NE  and  dipping  about  80°  to  SE,  are  covered  by  apparently 
conformable  beds  of  fine-grained  gray  sandstone,  which  toward  the  top  soon 

merges  into  a  coarse  conglomerate This  conglomerate  is  followed  by 

a  red  sandstone,  which,  above  I-tu,  dips  easterly,  and  below  that  place  westerly.' 

Hence  Pumpelly  considers  this  conglomerate  as  a  level  in  the 
I-ch'ang  formation. 

From  K'ui-ch6u  to  I-ch'ang,  the  Yang-tzi  thus  cuts  through  the 
high  mountain  ranges,  here  rising  to  1,200  m,  which  form  the  bound- 
ary between  the  Red  Basin  of  Ssi-ch'uan  and  the  East  China  plain. 
The  structure  of  these  moimtain  ranges,  may  appear  clear  from  the 
geological  map  and  the  different  sketches.  The  deep  gully,  cut  out 
by  the  Yang-tzi  in  these  ranges  exposes  a  succession  of  the  finest  and 
most  interesting  pictures  of  its  inner  structure.  It  is,  as  we  see,  a 
succession  of  folds,  in  which  faults  only  play  a  secondary  part. 

The  above  suggests  the  following  questions  which  I  shall  consider 
consecutively: 

I.  The  tectonic  signification  of  these  folds. 

»  SmUhsonian  Contributions  to  Knowledge^  Vol.  XV,  '*  Geological  Researches  in 
China,  Mongolia,  and  Japan,"  p.  7. 
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2.  The  s^^irarfnc  oc  rhe  anrirBnr  of  Xan-c^ou. 

3.  The  CL2<«  TT-irr  have  enabled  the  Yang-tii  to  cut  through 
ihese  hish-Iisfc  nnses. 

Cotica  ir^  ±e  fiK  poinc  I  most  xcmark  that  the  fcdds  here  are 
Eoc  sinfal  sottis  :akei  zi  the  sense  tod  Riduhofen  autached  to  old 
Pikczok  EXE-liOm'  rrending  faUsy  in  North  China  (Liau-tung). 
Tbe  foids=  oc  ±e  Red  Basin  of  S^<h*aan  are  of  much  younger  date, 
in  I3£t.  jocn^er  ±an  ±e  K'uHcfa6u  formation,  which  has  been  plicated 
loeecher  irih  tbe  kyars-  lasers.  The  aknost  equatorial  trend  in  the 
easceriv  border  area  of  the  Red  Basin  I  have  already  explained 
throu^  ihe  deviaikxi  oc  these  later  folds  against  the  so  much  older 
folded  TTnoimrain  ranges  of  the  Tsin-ling-shan  and  Kuen-Iun.  In  the 
Monaishmciu  at  the  German  Geological  Somty,  No.  9,  p.  202,  I 
wrote: 

We  can  thenf ore  describe  that  part  of  the  eutii's  cnst  in  acNitfawest  China 
in  the  foUowinc  maimer:  Fintiy.  in  die  loath  a  wkUy  mmding  upheaval  of 
the  earth's  crust  in  broad,  flat  ioUs:  then,  toward  the  north  an  increase  in 
hei^  and  number  of  the  regular  and  paiaDd  folds;  finally,  the  deviation  of 
the  whole  series  from  tbe  NXE-SSW  directioo,  to  an  EXE-^'SW  and  EW  one, 
in  coQacquence  of  the  "Anschaanmg"  of  this  system  of  folds  against  the  equa- 
torially  trending  Kuea-lun  or  Tsin-Ung-shan  system. 

Fonr.erly  I  wTOie  concerning  this: 

It  is  quite  possible  that  this  pressure  will  have  left  visible  traces  north  of 
Wu-shan  and  K'iii<h6u-fu  in  this  old  mountain  range  (the  Tsin-ling-shan).* 

As  a  fact  Willis,  who  passed  through  the  land  north  of  Wu-shan, 
along  the  Ta-ning-ho,  gives,  in  his  oft-mentioned  work  (pp.  288,  289) 
a  section,  which  shows  that  the  folds,  from  S  to  X,  to  the  north  of  the 
Yang-tzi,  become  more  and  more  sharp  and  high,  while,  finally,  a 
little  to  the  north  of  Sii-kia-pa,  65  km  north  of  Wu-shan,  he  depicts 
a  great  ovenhrust,  about  which  he  wTites  (p.  291): 

Northward  from  Sii-kia-pa,  there  is,  however,  a  complexity  of  structure 
which  we  did  not  fully  understand  in  the  field,  but  now  interpret  as  an  over- 
thrust  fault. 

z  Whether  these  folds  are  younger  or  older  than  those  of  the  Jura  mountains 
cannot  \yc  said  for  the  present  moment;  but  we  may  point  out  that  they  very  materially 
output  the  latter  as  concerns  regularity  and  simplicity. 

•  CSologie  du  Bassin  Rouge,  p.  181. 
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From  the  foregoing  it  is  clear  that  I  cannot  agree  with  the  views 
expressed  by  von  Richthofen^  in  the  following  quotations: 

In  this  way  it  becomes  plain  that  an  immense  area,  situated  to  the  south 
of  the  easterly  Kuen-Iun,  whose  basal  structure  in  the  parts  known  to  us  (and 
probably  in  its  entirety),  consists  of  the  paleozoic  formations,  and  which  is  folded 
together  according  to  the  sinial  trend  of  the  strata,  can  yet  show  great  variety  in  its 
separate  parts. 

Although  I  fully  agree  with  the  description  of  the  geological 
structure  given  in  the  next  passage,  I  can  by  no  means  agree  with 
the  example  von  Richthofen  adduces  to  illustrate  the  event  of  the 
welding  together  of  the  Kuen-lun  mountains  with  the  southern 
system  of  plication.     On  p.  638  we  read: 

One  of  .the  most  remarkable  circumstances  is  the  firmly  growing  together  of 
the  sinial  zone  of  plication  with  that  of  the  Kuen-lun  in  the  Tsin-ling-shan.  Just 
as  when  upon  a  cloth,  folded  into  parallel  folds,  were  laid  a  heavy  bar  at  an 
oblique  angle  to  the  direction  of  those  folds,  and  this  bar  were  moved,  at  right 
angles,  to  its  axis  toward  those  folds  until  they  were  so  bent  roimd  as  to  com- 
pletely take  the  direction  of  the  bar,  in  the  same  way  the  stiff  stem  of  the  Kuen-lun 
leans  against  the  sinial  folds.  While  at  a  distance  from  the  Kuen-lun  they  strike 
from  SW  to  NE,  they  gradually  bend  round  toward  the  Kuen-lun,  to  a  WSW- 
£N£  trend.  At  the  same  time  they  press  so  closely,  and  the  strata  attain  such 
a  steep  dip,  that  they  become  joined  with  the  principal  stem  into  one  solid  mass.* 

From  this  example  of  the  bar  on  the  folded  cloth  we  might  draw 
the  conclusion  that  von  Richthofen  assumes  that  the  Kuen-lun 
moimtains  are  of  later  formation  than  the  area  to  the  south  of  it,  con- 
sidered by  him  as  occupied  by  mountain  ranges  folded  up  according 
to  the  sinial  system.    I  need  not  reiterate  what  I  wrote  above^  for  I 

«  ChinCy  Vol.  II,  p.  637:  "So  erklart  es  sich,  dass  ein  ausserordcntlich  ausge- 
dehntes,  im  SUden  des  ostlichen  Kwen-lun  gelegenes  Gebeit,  dessen  Gnindbau  in  den 
uns  bekannten  Theilen,  und  wahrscheinlich  in  seiner  Gesammtheit,  aus  paiaozoischen 
Formationen  besteht,  und  nach  der  sinischen  Streichrichtung  zusammen  gefaltet  ist, 
doch  in  seinen  einzelnen  Strecken  grosze  Verschiedenheit  darbietet.'' 

»  China,  Vol.  II,  p.  638:  "Zu  den  bemerkenswerthesten  Umstslnden  gehort  das 
feste  Verwachsen  der  sinischen  Faltungszonen  mit  denen  des  Kwen-lun  im  Tsin- 
ling-shan.  Wie,  wenn  man  einen  schweren  Stab  auf  ein  in  parallele  Fatten  geworfenes 
Tuch  unter  schiefem  Winkel  zur  Richtung  dieser  Falten  legt  und  ihn  gegen  dieselben 
hin  rechtwinklig  zu  seiner  Axe  fortscheibt,  die  Falten  sich  bis  zur  volligen  Anschaarung 
umbiegen,  so  schmiegt  sich  der  starre  Stamm  des  Kwen-lun  an  die  sinischen  Falten. 
In  grdsserem  Abstand  von  ihm  von  SW  nach  NO  gerichtet,  biegen  sie  an  ihm  zu 
einen  WSW-ONO  Streichen  um !  Zugleich  dr£lngen  sie  sich  so  dicht,  und  die  Schich- 
ten  nehmen  eine  so  steile  Stellung  an,  dass  sie  sich  zu  einer  einzigen  starren  Masse 
mit  dem  Hauptstamm  verbinden." 
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made  it  clear  enough  there  that  I  believe  the  relation  to  have  been 
exactly  the  contrary,  namely:  an  older  Kuen-lun  range,  against  which 
the  almost  meridionally  directed  recent  folds  of  the  Red  Basin  struck 
— ^like  the  surf  of  the  ocean  beating  against  the  firm  land — thereby 
causing  them  to  rise  and  to  bend  roimd,  and  thus  to  assume,  only 
locally  and  incidentally,  a  trend  in  accordance  with  that  of  the  sinial 
system  of  folding. 

Another  confirmation  of  my  idea  of  the  forcing-up  of  the  Red 
Basin  folds,  as  I  was  able  to  observe  it  in  the  northeastern  parts,  I 
find  far  to  the  westward,  described  in  the  following  communication 
by  von  Richthofen : 

The  outermost  southern  branch  of  the  sinial  system,  which  to  the  south  of 
Kwang-yuen  is  still  hidden  under  the  formations  of  the  Basin  (see  Fig.  iiic) 
now  appears  in  ever  mightier  lines,  striking  at  first  WSW  and  then  SW,  and 
forms  (as  beforesaid)  the  lofty  northwestern  wall  of  the  plain  of  Tschong-tu-fu. 
It  here  bears  the  name  of  San-mign-shan  and  Kiu-ting-shan.' 

According  to  my  opinion,  the  tension,  which  caused  the  Red 
Basin  to  be  folded  and  to  be  pressed  up  against  the  Kuen-lun,  became 
less  in  this  westerly  part,  so  that  a  basin  fold  still  could  be  deviated 
by  the  Kuen-lun  from  its  normal  direction  but  at  the  same  time  (the 
fold)  became  llaltcr  and  vanished,  instead  of  running  high  up  against 
the  Kuen-lun  mountains,  as  is  the  case  in  the  eastern  part. 

As  concerns  the  signification  of  the  Nan-t*ou  anticline,  we  may 
conclude  from  the  foregoing: 

1.  The  crystalline  schists  are  found  to  the  west  of  the  granite  area 
of  Nan-t'ou.  Originally  they  will  also  probably  have  occurred  to  the 
east,  but  they  are  washed  away,  while  sediments  were  deposhed  in  a 
basin  forming  itself  to  the  westward. 

2.  To  the  visibly  oldest  sediments  belongs  my  lower  Silurian  brown 
limestone  of  Sin-t*an,  with  its  fossils,  the  Cambro-Ordovician  Ki-sin- 
ling  limestone  of  Blackwelder  and  Willis.  As  we  saw,  this  formation 
does  not  extend  as  far  to  the  east  as  the  lower  entrance  of  the  Ox-liver 
gorge.     It  does  not  seem  to  occur  to  the  east  of  the  Nan-t'ou  anticline. 

I  China,  Vol.  II,  p.  639:  "Der  ausserste  Siidzwei^  des  sinischen  Svstems.  wclcher 
nOrdlich  von  Kwang-yuen  noch  unter  den  Beckengebilden  verschwindel  (fij^  iiic) 
hebt  sich  in  seinen  erst  nach  WSW,  und  dann  nach  SW  gerichieien  Streirhen  immer 
machtiger  hervor  und  bildet  wie  erwahnt.  die  erhabene  Nordwestraauer  der  Eliene 
von  Tschon'^-tu-fu.     Er  fiihrt  hier  die  Mamen  Sin-TTi(*n-shan  und  K.iu-tinT-shin  " 
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3.  In  transgression  for  some  kilometers  toward  the  east  we  find 
my  green  shale  formation,  Blackwelder's  middle  Paleozoic  Sin-t'an 
shale,  which  thins  out  not  far  to  the  east  of  Miao-ho  at  the  lower 
entrance  of  the  Ox-liver  gorge.  To  the  east  of  the  Nan-t'ou  anti- 
cline this  formation  does  not  seem  to  occur  either. 

4.  To  the  Sin-t'an  shale  succeeds  my  gorges-limestone  fonnation, 
Blackwelder's  Upper  Carboniferous  Wu-shan  limestone. 

Now  we  see  the  remarkable  fact  that  the  Nan-t'ou  area,  which 
proved  to  be  an  eastern  land-ridge  for  the  older  formation,  becomes  a 
sea,  together  with  the  eastern  part,  during  the  Upper  Carboniferous 
period.  This  sea  very  probably  in  transgression  spread  over  a  great 
part  of  China.  After  the  limestone  formation  the  area  of  Nan-t'ou 
again  resumes  its  r61e  of  boundary  wall  between  an  eastern  and  a 
western  basin. 

5.  The  (probably)  Permian  and  Lower  Triassic  reddish-brown 
formation  only  occurs  in  an  eastern  part  of  the  Red  Basin,  not  in  its 
center.  It  extends  along  the  Yang-tzi  as  far  downstream  as  Yeh- 
t'an,  but  not  as  far  as  Hsiang-chi. 

6.  The  (probably)  Upper  Triassic  slaty  limestone  formation  extends 
even  less  far  toward  the  east.  It  thins  out  already  above  Yeh-t'an. 
Neither  of  these  formations  occur  to  the  east  of  the  Nan-t'ou  anticline. 

7.  Overl)dng  this  transgrades  the  Rhetian  sandstone  formation 
in  the  Red  Basin  itself  far  to  the  west.  Although  the  area  of  Nan-t'ou 
is  again  a  land  limit  against  which  the  sandstone  formation  thins  out, 
this  same  Rhetian  sandstone,  which  contains  coal  measures,  occurs 
in  the  East  China  Basin  and  also  in  other  parts  of  China.  We  already 
noticed  before  that  the  formation  itself  extends  farther  east  than  the 
coal  layers,  which  occur  in  higher  levels. 

8.  This  retrogression  of  the  sediments  westward  is  continued,  and 
we  find  the  shell-marl  strata  of  probably  Cretaceous  age  only  in  the 
middle  of  the  Red  Basin,  whilst  it  thins  out  in  more  or  less  extensive 
lenticular  layers  between  Wan-hien  and  K'ui-ch6u-fu. 

9.  After  this  again  comes  a  period  of  transgression.  The  K'ui- 
ch6u  formation  extends  to  the  western  limb  of  the  Nan-t'ou  anticline. 
It  seems  that  this  anticline  did  not  act  as  dividing  line  for  the  upper 
levels  of  this  formation,  for  we  find  the  I-ch'ang  formation  over- 
lying its  eastern  limb,  as  far  as  it  has  not  been  washed  away  by  ero- 
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sion.  The  very  highest  level  which  consists  of  very  coarse-grained 
and  micaceous  sandstone,  however,  again  only  occurs  in  the  center  of 
the  Red  Basin. 

In  resuming  the  above  we  must  come  to  the  important  conclusion 
that  the  area  of  Nan-t'ou  must  have  played  the  part  of  a  dividing 
line  ever  since  the  Cambro-Ordovician,  or  perhaps  still  earlier  ages, 
until  after  the  depositing  of  the  K'ui-ch6u  formation  (Cretaceous 
formation  or  later  ?).  During  all  that  time,  however,  it  twice  gave  up 
this  r61e:  once  during  the  Upper  Carboniferous  and  for  a  second  time, 
let  me  say,  during  the  upper  K'ui-ch6u  time.  At  last  the  broad 
mighty  anticline  of  Nan-t'ou  was  completely  formed  as  we  see  it 
nowadays,  partly  destroyed  by  erosion. 

The  later  formed  folds  of  the  Red  Basin  are  therefore  of  yoimger 
date,  and  although  we  might  assume  an  earlier  date  for  the  beginning 
of  their  growth,  which  a  more  careful  research  may  possibly  teach 
us  from  the  trend  of  the  extension  of  the  reddish-brown  and  the 
slaty  limestone  formations,  it  must  be  inferred  that  their  growth 
proper  must  have  taken  place  much  faster  than  that  of  the  Nan-t'ou 
anticline. 

As  I  already  remarked  above,  these  NNE-SSW  folds  of  the 
Red  Basin  are  bent  up  against  the  Tsin-ling-shan  which  I  regarded 
as  the  consequence  of  the  Red  Basin  having  been  pressed  to  the 
north. 

Finally,  I  again  refer  to  the  deviation  of  the  anticline  of  Pa-tung 
against  that  of  Nan-t'ou,  which  fact  agrees  with  the  greater  age  and 
capacity  of  resistance  of  the  latter. 

And  now  I  have  still  to  consider  the  question  of  what  were  the 
reasons  which  caused  the  hydrographic  system  that  originates  nowa- 
days on  the  eastern  slope  of  the  highlands  of  Tibet  south  of  the 
Kuen-lun  mountains,  to  force  its  way  through  the  high  mountain 
ranges  from  K*ui-ch6u-fu  to  I-ch'ang.  Until  the  present  moment  I 
have  not  fully  considered  this  point.  In  the  literature  that  I  have 
consulted,  on  this  subject  I  only  find  an  explanation  from  Arthur 
Kniep'  which,  however,  seems  so  strange  to  me  that  I  shall  not  discuss 
it  here. 

I  "Der  Yang-tzl-kiang  als  Weg  zwischen  den  Westlichcn  und  Ostlichen  China," 
Gerlands  Beitrdge  zur  Geophysiky  Band  VII,  Heft  I,  pp.  22,  23.     The  explanation  of 
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Of  all  the  existing  theories  those  of  antecedent  and  regressed  or 
beheaded  rivers  seem  the  most  probable  to  me.  Even  in  a  developed 
and  grand  river  system  as  that  of  the  Yang-tzi-kiang  it  seems  quite 
possible  that  both  factors  combined  to  produce  such  a  s)rstem. 

When  we  look  at  the  map  of  China,  we  are  impressed  by  the 
fact  that  the  whole  basin  of  the  Upper  and  Middle  Yang-tzi  finds 
an  outlet  through  the  most  northerly  area  which  borders,  to  the  south, 
the  high  dividing  moimtain  range  of  north  and  south  China.  It 
readily  appears  to  us  that  whilst  the  Kuen-lun  is  the  divide  between 
the  Upper  Yang-tzi  and  the  Upper  Hwang-ho,  its  eastern  prolonga- 
tion, the  Tsin-lin-shan,  remains  the  divide  of  a  southerly  developed 
Yang-tzi  system  and  a  northerly  developed  Hwang-ho  system.  Thus, 
in  very  general  features,  facts  can  be  understood  by  a  glance  at  the 
map. 

But  to  return  to  the  Middle  Yang-tzi  itself.  We  must  first  of  all 
bear  in  mind  that  the  anticlines  of  the  Red  Basin,  and  with  them,  of 
course,  its  entire  area  decline  from  N  to  S.  This  fact  must  be  inferred 
from  the  observations  that  in  consequence  of  an  intensive  erosion  the 
anticlines  in  the  northern  parts  of  the  Red  Basin  have  been  weathered 
away  to  a  thickness  of  at  least  2,500  m.  down  the  gorges-limestone, 
which  now  still  rises  in  mountains  of  1,500  m.  and  more.  These  arch 
cores  of  limestone  are  only  to  half  their  height  concealed  imder  anti- 
clinal limbs  of  the  younger  formations.  More  to  the  south  the  lime- 
stone cores  have  lowered  to  the  level  of  the  Yang-tzi  and  the  cores  of 
the  sandstone  formation,  lying  over  the  limestone,  rise  to  anticlinal 
ridges  of  some  300  m.,  whilst  there  the  overlying  mighty  K'ui-ch6u 
formation  has  been  washed  away  and  has  only  remained  in  place  in 
the  synclinal  areas,  where  it  is  dissected  by  numerous  narrow  cross 
and  length  valleys.  At  last,  south  of  Ki-kiang,  a  place  some  100  km. 
in  right  line  south  of  Chimg-king,  I  encountered  an  anticline  which 
up  to  the  height  of  500  m.  still  consisted  of  the  yoimgest  or  K'ui-ch6u 
formation,  the  sandstone  formation  there  being  very  much  lower  than 
it  is  in  the  country  of  Chung-king. 

the  antecedent  theory,  to  which  I  shall  also  appeal,  seems  to  him  very  improbable. 
Kniep  speaks  of  a  peneplain  between  Wan-hien  and  I-ch'ang,  where  the  Ta-kiang 
(a  local  name  for  this  part  of  the  Yang-tzi)  should  have  taken  its  meandering  course 
without  close  connection  to  the  rock  structure. 
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Thus,  when  we  appeal  to  the  antecedent  theory  we  must  accept 
the  fact  that  this  antecedent  river  not  only  had  the  power  of  cutting 
its  course  through  a  succession  of  parallel  folds  but  even  could  keep 
the  better  of  a  general  rising  of  the  land  contrary  to  its  way  from  south 
to  north,  from  far  upstream  Chung-king  till  Wan-hien.  Nothing 
opposes  itself  to  this  combined  movement  of  the  earth's  crust,  viz.,  its 
being  folded  and  at  the  same  time  pressed  up  against  the  Tsin-ling- 
shan;  on  the  contrary  the  observations  lead  to  this  inference  as  is 
explained  in  the  above.  To  account  for  the  last-mentioned  discrep- 
ancy we  must  suppose  that  the  river  had  a  sufficient  power,  as  the 
result  of  a  considerable  fall  anywhere  in  its  course  and  that  there  was 
no  possibility  of  going  another  way,  for  a  river  does  its  work  only 
when  it  is  forced  to  it.  Now,  it  is  almost  certain  that  east  of  I-ch*ang, 
where  nowadays  still  exists  the  low  east  China  plain  with  its  many 
lakes  (Tung-ting,  Po-yang,  etc.,)  ever  since  the  filling  up  of  the  Red 
Basin  there  was  a  considerable  difference  in  height  from  west  to  east. 
Might  any  obstruction  have  occurred  in  the  antecedent  river  by  the 
rising  of  the  country  from  south  to  north,  it  still  would  be  possible 
that  a  more  intensive  erosion  in  the  watercourse  took  place  from 
I-ch*ang  in  an  upriver  direction.  But  here  we  already  app)eal  to 
the  regression  theory,  for  it  may  be  that  the  rate  of  land-folding  and 
uplifting  have  been  the  same  as  that  of  the  cutting- power  of  the  river 
water,  or  the  first  may  have  stopped  the  last  till  regression  of  the  old 
watercourse  redressed  the  former  river-way,  which  then  could  con- 
tinue its  work  in  the  old  direction. 

As  to  the  second  condition  necessary  for  the  absolute  maintenance 
of  the  antecedent  theory,  viz.,  the  impossibility  for  the  river  water  of 
going  another  way,  we  cannot  say  very  much  because  of  the  very 
incomplete  geographical  and  geological  investigations  of  southern 
China.  When  we  look  at  the  map  we  see  that  all  great  tributaries 
of  the  Yang-tzi,  and  its  headwaters  too,  run  in  general  lines  from 
north  to  south.  This  makes  me  feel  quite  inclined  to  suppose  that  the 
hydrographical  system  of  the  province  Ssi-ch'uan  once  must  have 
found  an  outlet  toward  the  south  according  to  the  general  incline  of 
the  earth's  surface  from  north  to  south.  If  this  is  true,  then  we  must 
consider  one  or  more  of  southwestern  China's  big  rivers  as  beheaded 
ones  by  a  retrogressed  river  system,  which  now  is  that  of  the  Middle 
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Yang-tzl.  That  the  effect  of  retrogression  proved  to  be  most  power- 
ful as  near  as  possible  to  the  Tsin-ling-shan  appears  most  natural. 
The  open  sides  of  the  Nan-t'ou  and  Sin-t'an  areas  toward  the  north 
quite  accord  with  a  retrogression  theory  for  this  last  part  of  the  Middle 
Yang-tzl. 

.\11  the  grand  gorges  of  the  Middle  Yang-tzl  are  very  interesting 
when  one  could  see  in  them  the  fixed  image  of  the  relation  between 
the  rate  of  movement  of  the  earth's  crust  in  the  folding  process  and 
of  the  cutting-power  of  a  river.  Although  from  Chung-king  to 
I-ch'ang  the  Yang-tzi  cuts  through  the  anticlinal  moimtain  ranges 
nearly  perpendicularly,  there  is  a  sufficient  number  of  exceptions,  for 
instance,  where  the  river  has  a  meandering  course  in  the  gorges;  so 
from  this  point  of  view  we  cannot  find  either  a  proof  to  support  the 
antecedent  theory,  nor  one  against  it.  The  indifference  of  the  Middle 
Yang-tzi  to  the  general  land-structure,  rising  from  south  to  north, 
might  account  to  the  antecedent  theory.  On  the  other  hand  the  bend- 
ing round  of  the  Yang-tzi,  near  Wan-hien,  from  a  general  NNE  to  an 
ENE  course,  in  complete  correspondence  to  the  turn  of  the  anticlines 
of  the  Red  Basin  against  the  Tsin-ling-shan,  seems  to  bear  against 
this  theory,  for  here  the  river  has  followed  the  moimtain  structure. 
If  there  has  been  any  antecedent  watercourse  in  this  region,  it  must 
anyhow  have  been  considerably  affected  by  the  folding  process, 
probably  being  restored  only  after  a  retrogression  process  of  a  water- 
course more  downstream  from  this  point. 

From  the  above  it  is  clear  that  by  reason  of  the  present 
condition  of  the  investigation  of  the  whole  of  the  Yang-tzi  basin 
we  cannot  come  to  a  decisive  opinion  to  attribute  the  origin  of 
the  grand  gorges  of  the  Middle  Yang-tzi-kiang  either  exclusively 
to  the  antecedent  river  theory  or  to  that  of  the  retrogression 
process. 

Contrary  to  Kniep,  however,  I  must  point  out  that  the  meanders 
of  the  Yang-tzi  in  the  synclinal  valleys  and  even  in  the  eastern  limb 
of  the  Nan-t'ou  anticline  were  exclusively  caused  by  the  geological 
and  the  rock  structure.  Another  important  example  of  this  kind  can 
be  seen  in  the  part  of  the  river  between  Wan-hien  and  K*ui-ch6u-fu, 
where  the  Yang-tzi,  having  lowered  its  course  to  one  of  the  thick  sand- 
stone layers  of  the  K'ui-ch6u  formation,  here  being  in  a  horizontal 
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position,  has  cut  its  way  in  a  straight  canal-like  bed,  obliged  to  do  so 
by  the  rock  structure. 

The  Middle  Yang-tzl  might  be  called  a  mature  river,  and  this  even 
after  it  has  been  revived,  as  seems  to  have  been  the  case  only  once. 
The  conglomerate  bank  of  principally  eruptive  pebbles,  mentioned 
above,  shows  the  remains  of  the  floor  of  a  former  Yang-tzi  valley,  in 
which  the  river  has  cut  its  narrower  trench  of  nowadays.  The 
mighty  work  here  already  accomplished  by  Nature  has  rendered  the 
Yang-tzi  navigable  to  far  above  Chung-king,  thus  making  it  for  a 
length  of  more  than  2,500  km.  one  of  the  most  important  highroads 
for  traffic.  That  which  Nature  has  left  undone  would  be  no  serious 
obstacle  for  the  amelioration  of  this  waterway  because  the  obstruc- 
tions do  not  consist  of  falls,  but  only  of  rapids  as  the  result  of  not-yet- 
washed-away  detritus  accumulations  and  partly  uneroded  dykes  of 
eruptive  rocks  in  the  Nan-t'ou  granite  area.  These  obstructions,  that 
make  steam  navigation  on  the  Middle  Yang-tzi  not  yet  economically 
practicable,  can,  according  to  my  idea,  easily  be  overcome  by  human 
technics,  and  it  is  by  no  means  beyond  financial  possibility.  This 
has  already  been  set  forth  in  detail  by  me  in  an  article,  "  La  naviga- 
bility du  haut  Yang-tzi-kiang  par  bateaux  k  vapeur,"  published  in 
the  Rcznie  universelle  des  Mines,  at  Li^ge,  tome  XII,  46  s^rie,  p.  149. 

No  (loiibt  the  geology  of  the  mountain  ranges  which  are  cut  by 
the  Yang-tzi  between  K'ui-ch6u-fu  and  I-ch*ang  still  offer  many 
interesting  problems  and  points  of  view.  But  I  believe  to  have  given 
in  the  foregoing,  in  general  features,  the  geological  structure  of  this 
most  interesting  area  as  it  appears  in  reality.  Indeed,  all  that  I  saw 
of  the  Red  Basin  of  Ssi-ch'uan  and  its  border  parts,  leads  me  to  the 
conviction,  that,  as  for  structural  geology,  this  is  one  of  the  classic 
parts  of  the  earth's  crust,  showing  its  inner  and  outer  structure  in  a 
way  to  allow  of  the  finest  detail  studies  of  folding  and  erosion,  which 
appear  in  a  pattern  of  the  utmost  simplicity  and  regularity. 
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In  a  paper  which  has  recently  appeared*  a  summary  of  the  chief 
results  of  a  geological  study  of  a  large  area  on  the  margin  of  the 
Laurentian  protaxis  in  eastern  Ontario,  by  Dr.  Barlow  and  the  writer, 
has  been  presented.  The  area  in  question,  whose  study  has  just 
been  completed,  is  one  of  the  largest  areas  of  the  protaxis  which  has 
hitherto  been  examined,  comprising  4,200  square  miles,  and  the  study 
has  furthermore  been  carried  out  in  much  greater  detail  than  in  the 
case  of  areas  formerly  examined  in  Canada,  the  field  work  extend- 
ing over  a  period  of  eight  years.  In  a  second  paper^  now  in  press  a 
more  detailed  account  of  the  great  development  of  nepheline  and 
corundum-bearing  syenites  foimd  in  the  area  is  given. 

The  area  lies  near  the  border  of  the  Laurentian  protaxis,  north  of 
Lake  Ontario  and  east  of  Lake  Huron,  and  one  of  the  most  con- 
spicuous features  of  its  geology  is  the  great  development  in  it  of  Logan's 
Grenville  series.  It  is  proposed  in  the  present  paper  to  present 
certain  new  facts  which  have  been  discovered  concerning  this  series 
in  the  area  in  question,  as  well  as  certain  general  considerations  relative 
to  this,  which  is  one  of  the  most  extensive  and  important  series  of 
pre-Cambrian  Age  in  North  America.  A  complete  description  of 
the  area  will  appear  in  the  form  of  a  report  to  be  issued  by  the 
Geological  Survey  of  Canada  during  the  present  year. 

In  The  Geology  of  Canada,^  published  in  1863,  which  contains  a 
statement  of  the  results  of  the  work  of  the  Canadian  Survey  up 
to  that  date,  Logan  commences  the  chapter  dealing  with  these  rocks 
as  follows: 

>  Communicated  by  permission  of  the  Director  of  the  Geological  Survey  of  Canada, 

>  Frank  D.  Adams,  "On  the  Structure  and  Relations  of  the  Laurentian  System 
in  Eastern  Canada,"  Quarterly  Journal  of  the  Geological  Society ^  May,  1908,  p.  127. 

3  "On  the  Nepheline  and  Alkali  Syenites  of  Eastern  Ontario,"  Transactions  of 
the  Royal  Society  of  Canada,  1908. 

4  P.  22. 
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The  rocks  which  compose  the  Laurentian  Mountains  were  shown  hj  the 
Geological  Survey  in  1846  to  consist  of  a  series  of  metamorphic  sedimentaiy 
strata  underlying  the  fossiliferous  rocks  of  the  Province.  They  have  since  been 
recognized  by  Sir  Roderick  Murchison  as  forming  the  so-called  "Fundamental 
Gneiss''  of  the  western  islands  of  Scotland  and  parts  of  Rosshire  and  Suther- 
landshire,  and  the  name  of  the  Laurentian  system  as  applied  in  Canada  has  now 
been  extended  to  them  in  Great  Britain  where,  as  well  as  in  this  country,  they 
are  the  oldest  rocks  known  and  lie  at  the  base  of  the  sedimentary  series.  They 
are  highly  altered  to  a  crystalline  condition  and  are  composed  of  feldspathic 
rocks  interstratified  with  important  masses  of  limestone  and  quartzite.  The 
great  vertical  thicknesses  of  the  series  are  composed  of  gneiss  containing  chiefly 
orthoclase  or  potash  feldspar,  while  other  great  portions  are  destitute  of  quartz 
and  composed  chiefly  of  a  lime  soda  feldspar,  varying  in  composition  from  ande- 
sine  to  anorthite  and  associated  with  pyroxene  or  hypersthene.  This  rock  we 
shall  distinguish  by  the  name  of  anorthosite. 

Logan's  exploratory  work  showed  that  these  ancient  rocks  under- 
lie enormous  areas  in  Canada.  It  is  now  known  that  they  occupy 
an  area  of  about  two  million  square  miles.  As  their  structure  is 
very  complicated,  he  found  it  impossible  to  make  a  detailed  study  of 
the  whole  Canadian  shield  and  therefore  decided  to  select  a  com- 
paratively limited  area  in  which  the  Laurentian  system  had  a  typical 
development,  and  there,  by  careful  mapping,  to  ascertain  its  structure 
and  relations.  The  district  which  he  selected  had  an  area  of  about 
fifteen  hundred  square  miles  and  was  situated  on  the  margin  of  the 
northern  protaxis  in  the  vicinity  of  the  little  town  of  Grenville,  some 
forty  miles  to  the  west  of  the  city  of  Montreal.  His  map  of  this  area 
appeared  in  the  atlas  which  accompained  The  Geology  of  Canada, 
This  area  has  come  to  be  known  as  the  "Original  Laurentian  Area" 
of  Logan,  and  the  succession  which  he  worked  out  there  has  found 
its  way  into  most  textbooks. 

Since  that  time  other  members  of  the  staff  of  the  Geological  Sur\'ey 
of  Canada,  notably  Vennor  and  Ells,  have  extended  our  knowledge 
of  this  portion  of  the  Laurentian  area  by  mapping  large  tracts  along 
the  margin  of  the  protaxis  to  the  west  of  the  Original  Laurentian  Area 
as  far  as  the  western  border  of  the  Province  of  Quebec,  and  thence 
over  into  eastern  Ontario.     In  1897'  the  writer  published  the  results 

I  "Report  on  the  Geology  of  a  Portion  of  the  Laurentian  Area  lying  to  the 
North  of  the  Island  of  Montreal,"  with  appendices  and  map,  Annual  Report  of  the 
Geological  Survey  of  Canada^  Vol.  V^III,  p.  184. 
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of  a  study  of  a  large  area  lying  to  the  east  of  the  Original  Laiurentian 
Area  and  extending  as  far  as  the  St.  Maurice  River,  which  flows 
into  the  St.  Lawrence  about  half-way  between  Quebec  and  Montreal. 
Our  knowledge  of  the  Laiurentian  has  also  been  very  considerably  ex- 
tended by  the  researches  of  Kemp,  Gushing,  and  others  in  the  Adi- 
rondack Mountains,  as  weU  as  by  the  extended  explorations  of  Low 
and  others  in  the  far  north  and  by  the  work  of  Lawson  in  the  west. 

SIR  WILLIAM  LOGAN'S  WORK  IN  THE  LAURENTIAN  OF  CANADA 

Before  considering  the  results  of  these  recent  studies  it  will  be  of 
interest  to  look  very  briefly  at  the  work  done  by  Logan  in  the  Original 
Laurentian  Area. 

This  master  of  stratigraphy  found  that  the  Laurentian  system, 
instead  of  presenting  a  chaotic  mass  of  crystalline  rocks  from  which 
no  order  could  be  evolved,  constituted  as  a  matter  of  fact  a  great 
series  of  rocks  largely  stratiform,  if  not  stratified,  in  character,  and 
which  almost  everywhere  exhibited  a  foliated  structure.  Among 
these  rocks  he  found  great  bodies  of  limestone,  the  importance  and 
significance  of  which  he  at  once  recognized.  This  limestone  was, 
it  is  true,  frequently  very  impure  and  always  coarsely  crystalline, 
constituting  in  fact  a  true  marble.  Its  chemical  composition,  however, 
led  him  to  conclude  that  it  was  of  sedimentary  origin.  The  lime- 
stone ocoured  in  the  form  of  belts  or  bands,  and,  being  easily  recog- 
nized in  the  field,  was  used  by  him  as  a  basis  for  working  out  the 
complicated  stratigraphy  of  the  district.  Being  soft  and  easily 
disintegrated,  it  frequently  occupies  low  drift-covered  ground,  and 
over  considerable  tracts  of  country  he  was  obliged  to  determine  its 
existence  beneath  the  drift  by  driving  down  a  sharply  pointed  iron 
rod  and  testing  the  powder  brought  up  by  the  rod,  by  means  of  acid. 
He  was  enabled  by  the  use  of  this  geological  cheese-taster  to  deter- 
mine the  existence  of  the  limestone  beneath  the  drift  in  many  places 
where  its  occurrence  could  not  be  otherwise  ascertained. 

Associated  with  the  limestones  he  found  in  places  bands  of  quart- 
zite.  Bands  of  hornblendic  rocks,  now  termed  amphibolites,  often 
of  great  thickness,  also  formed  part  of  the  series.  He  ascertained, 
however,  that  orthoclase  gneiss  was  the  most  abundant  rock  in  the 
Laurentian.    This,   he  states,   varies   greatly  in   character,   being 
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sometimes  almost  massive  and  granitic,  while  elsewhere  it  is  well 
foliated.  It  sometimes  occurs  in  great  bodies  free  from  all  admixture 
of  other  rocks,  while  at  other  times  it  is  found  intimately  associated 
or  interbanded  with  the  limestones  or  other  rocks  making  up  the 
series. 

The  highly  contorted  character  of  this  series  of  rocks  made  it 
very  difficult  to  determine  its  thickness,  but  Logan  regarded  the 
following  ascending  section  as  representing  approximately  the  suc- 
cession and  thickness  of  the  various  elements  constituting  the  Lauren- 
tian  in  the  original  area  examined  by  him. 

Fzn 

X.   Anorthosite,  above  the  Morin  band  of  limestone,  the  thickness  is 

wholly  conjectural 10,000 

2.  Orthoclase  gneiss,  passing  gradually   into    anorthosite,  probably 
.    includes  the  quartzite  of  Quartz  Mountain,  the  anorthosite  above  it 

and  the  gneiss  of  passage 3,400 

3.  Proctor's  Lake  limestone 20 

4.  Orthoclase  gneiss'. 1,580 

5.  Crystalline  limestone  of  Grenville,  in  some  parts  interstratified  with 

a  band  of  gneiss  about 750 

6.  Orthoclase  gneiss,  with  several  bands  of  gametiferous  gneiss  and 
quartzite,  and  with  much  coarse-grained  porphyroid  gneiss 3,500 

7.  Crystalline  limestone  of  Great  Beaver  Lake  and  Green  Lake,  includ- 
ing two  bands  of  interstratified  gametiferous  rock  and  homblendic 
orthoclase  gneiss 2,500 

8.  Orthoclase  gneiss 4,000 

9.  Crystalline  limestone  of  Trembling  Lake 1,500 

10.    Orthoclase  gneiss  composing  Trembling  Mountain,  lower  limit  not 

ascertained,  thickness  probably  exceeds 5,ooo 

32,250 

The  base  of  the  series  was  thus  a  great  body  of  orthoclase  gneiss 
— the  Trembling  Mountain  gneiss — above  which  were  four  belts  of 
limestone,  certain  of  them  of  great  thickness,  alternating  with  ortho- 
clase gneiss;  the  whole  succeeded  by  a  great  development  of  anor- 
thosite. 

The  ahernation  of  limestone  with  gneiss  was  considered  by  Logan 
as  proving  that  the  whole  series  represented  a  great  body  of  highly 
altered  sediments,  the  oldest  sediments  recognizable  in  the  earth's 
history.     The  foliation  exhibited  by  the  bodies  of  orthoclase  gneiss 
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lying  between  and  below  the  limestones,  as  well  as  that  exhibited  by 
the  anorthosite,  was  regarded  as  the  survival  of  an  almost  obliterated 
bedding,  and  this  foliation,  as  has  been  mentioned,  extended  down 
to  the  very  base  of  the  whole  series.  The  existence  of  this  great  thick- 
ness of  anorthosite  superimposed  upon,  and,  therefore,  presumably 
younger  than  the  orthoclase  gneiss,  was  in  a  brilliant  paper  by  Sterry 
Hunt,  explained  as  due  to  a  succession  of  chemical  reactions  which 
must  necessarily  have  been  developed  during  the  cooling  of  the  earth 
from  whose  primeval  ocean  the  whole  series  was  supposed  to  have 
been  deposited  in  the  order  of  their  succession.' 

Since  Logan's  time,  however,  the  great  advance  in  our  knowledge 
of  petrography  has  thrown  a  flood  of  light  upon  the  nature  of  the 
crystalline  schists  and  a  study  of  the  area  lying  immediately  to  the 
east  of  that  mapped  by  Logan  made  it  evident  that  Logan's  conclusions 
must  be  in  part  revised. 

The  Fundamental  Gneiss,  in  the  first  place,  is  found  to  be  a  great 
body  of  uniform,  fine-grained,  foliated  granite,  showing  under  the 
microscope  excellent  protoclastic  structure.  It  is  clearly  an  igneous 
intrusion  in  which  foliation  has  been  developed  by  movement  under 
pressure.  The  suggestion  of  stratification  which  it  presents  owing 
to  its  foliation,  is  enhanced  by  the  presence  in  it  of  occasional  lenticular 
bands  of  dark  amphibolite.  These,  of  course,  lie  parallel  to  the 
foliation,  that  is,  to  the  direction  of  movement  in  the  rock,  but  are 
evidently  inclusions  of  the  overlying  rock  which  was  intruded  by  the 
granite.  The  thickness  of  this  fundamental  gneiss  (5,000  feet), 
considered  even  by  Logan  to  be  wholly  conjectural,  must  therefore  be 
deducted  from  the  total  thickness  given  in  the  above  section. 

The  anorthosite,  when  traced  to  the  east,  is  also  proved  beyond 
doubt  to  consist  of  a  great  body  of  igneous  rock  having  a  pronounced 
foliation,  especially  near  its  margin,  and  which  cuts  off  the  limestone 
bands  where  it  meets  them.  Its  thickness  (10,000  feet),  which  was 
also  considered  by  Logan  to  be  wholly  conjectural,  must  also  be 
deducted. 

It  is  furthermore  certain,  as  the  result  of  recent  work,  that  the 
gneisses  associated  with  the  limestones  are  in  part  of  igneous  origin 

«  "The  Chemistry  of  Metamorphic  Rocks,"  Chemical  Geological  Essays, 
Boston,  1875. 
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and  in  part  represent  highly  altered  sediments.  It  is  impossible  in  all 
cases  to  distinguish  these  two  classes  of  rocks,  but  the  distinction  can 
in  many  cases  be  made  with  certainty. 

The  sedimentary  gneisses  (paragneiss)  are  fine  in  grain  and 
usually  occur  intimately  associated  or  interstratified  with  the  lime- 
stones and  quartzites,  and  very  frequently  weather  to  a  rusty  color. 
From  the  thickness  of  the  limestone  bands  given  above,  there  must 
be  deducted  ihat  of  the  igneous  gneiss  included  in  or  associated  with 
them. 

It  is  also  by  no  means  certain  that  the  four  limestones  mapped  by 
Logan  are  all  separate  bands,  seeing  that  the  intervening  belts  of 
gneiss,  being  largely  igneous  in  origin,  can  no  longer  be  regarded  as 
representing  separate  stratigraphical  elements,  but  may  be  intrusions 
separating  portions  of  one  and  the  same  body  of  limestone.  Whether 
or  not  this  latter  presumption  represents  the  truth,  can,  however, 
only  be  determined  by  a  complete  re-examination  of  Logan's  work 
in  this  area.  In  the  meantime  it  is  certain  that  the  highest  and 
lowest  members  of  his  series  are  bodies  of  intrusive  rock  in  which  a 
foliation  has  been  induced  by  pressure.  The  deduction  of  these 
reduces  the  thickness  of  the  series  by  15,000  feet,  and  that  a  much 
greater  reduction  than  this  must  be  made  if  the  true  thickness  of  the 
sedimentary  portion  of  the  series  is  to  be  ascertained,  is  evident  from 
what  has  been  already  stated. 

In  his  map  of  this  area,  Logan  separated  the  anorthosite  and 
designated  it  as  Upper  Laurentian,  while  the  other  rocks  of  the 
series  were  classed  as  Lower  Laurentian  or  Grenville  series.  In 
after  years  the  lowest  gneiss  came  to  be  known  as  the  Fundamental 
Gneiss  or  Ottawa  Gneiss,  while  the  name  "Grenville  series"  was 
restricted  to  the  limestone-bearing  portion  of  I-ogan's  Laurentian. 

This  work  of  Logan,  while  in  many  respects  imperfect,  was 
nevertheless  a  first  approximation  to  a  true  knowledge  of  the  Lauren- 
tian and  served  as  an  excellent  basis  for  the  work  of  subsequent 
investigators. 

Logan  subsequently  found  in  eastern  Ontario  a  series  of  rocks 
which  he  considered  in  all  probability  to  represent  the  Grenville 
series  in  a  less  altered  form,  and  to  these  he  gave  the  name  of  the 
"Hastings  series." 
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THE  HALIBURTON-BANCROFT  AREA  IN  EASTERN  ONTARIO 

The  Haliburton-Bancroft  area  in  eastern  Ontario,  the  mapping 
of  which  has  just  been  completed,  occupies  a  position  on  the  margin 
of  the  protaxis  corresponding  to  that  of  the  "Original  Laurentian 
Area"  but  is  some  175  miles  further  west.  It  is  very  similar  in 
petrographical  character  to  Logan's  area  but  presents  a  somewhat 
greater  variety  of  rock  types,  the  distribution  of  twenty  different  rock 
types  being  represented  on  the  Bancroft  sheet  accompanying  the 
report  on  the  area  in  question. 

The  Grenville  series  in  this  area  presents  a  diversified  series  of 
imdoubted  stratified  rocks  among  which  limestones  preponderate, 
but  they  rest  upon  and  are  invaded  by  an  enormous  body  of  gneissic 
granite. 

To  the  southeast,  toward  the  margin  of  the  Paleozoic  cover,  the 
sedimentary  series  is  largely  developed  and  is  comparatively  free  from 
igneous  intrusions.  Toward  the  northwest,  however,  the  granite, 
in  ever  increasing  amount,  arches  up  the  sedimentary  series  and  wells 
up  through  it,  in  places  disintegrating  it  into  a  breccia  composed  of 
shreds  and  patches  of  the  invaded  rock  scattered  through  the  invad- 
ing granite,  until  eventually  connected  areas  of  the  sedimentary 
series  disappear  entirely  and  over  hundreds  of  square  miles  the 
granite  and  granite  gneiss  alone  are  seen,  holding,  however,  in  almost 
every  exposure,  inclusions  which  represent  the  last  scattered  renmants 
of  the  invaded  rocks. 

The  type  of  structure  presented  by  the  invading  granite  is  that 
of  a  bathylith. 

The  limestones. — The  limestones  in  this  Laurentian  district  are 
very  thick  and  imderlie  a  large  part  of  the  area.  In  their  more  altered 
form  they  exactly  resemble  those  described  by  Logan  in  the  areas 
examined  by  him,  but  to  the  southeast  of  the  Bancroft  sheet,  where 
the  invading  granite  is  less  abundant  and  the  alteration  of  the  invaded 
strata  is  correspondingly  less  pronounced,  the  limestones  appear  in 
less-altered  forms  and  eventually  pass  into  fine-grained,  grayish-blue 
varieties  in  which  the  bedding  is  perfectly  preserved  and  concerning 
whose  truly  sedimentary  character  there  can  be  absolutely  no  doubt. 
The  gradual  transition  of  the  comparatively  unaltered  bluish  limestone 
into  the  coarsely  crystalline  white  marble  takes  place  by  the  develop- 
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ment  in  the  former  of  little  strings  or  irregular  patches  of  coarsely 
crystalline  white  calcite,  usually  following  the  bedding  planes.  These 
become  larger  and  more  numerous  on  going  north  in  the  area  toward 
the  granite  intrusions,  imtil  eventually  the  whole  are  transformed  into 
great  bodies  of  white  marble.  Here  and  there  through  this  marble, 
where  it  is  very  thick,  small  renmants  of  the  original  blue  limestone 
can  occasionally  be  found. 

Enormous  bodies  of  nearly  pure  limestone  or  marble  occur  in 
many  parts  of  the  area,  but  elsewhere  it  becomes  impure,  owing  to  the 
presence  of  numerous  scales  and  granules  of  various  silicates  dis- 
tributed through  it,  or  owing  to  the  appearance  of  numerous  little 
bands  of  silicates  representing  impurities  in  the  original  limestones, 
which,  under  the  influence  of  metamorphism,  develop  into  gneisses 
and  amphibolites  of  various  kinds.  Where  these  little  gneiss  or 
amphibolite  bands  become  mcreasingly  abimdant,  the  limestone 
passes  over  into  paragneiss  or  into  some  one  of  the  varieties  of 
amphibolite. 

The  limestone  in  what  may  be  called  its  usual  development,  that 
is,  in  Its  highly  cr\'stalline  form,  is  a  white,  cream-colored,  or  pinkish 
marble,  and  is  generally  very  coarse  in  grain.  The  little  grains  or 
scales  of  foreign  minerals  scattered  through  it  are  usually  arranged 
so  as  to  indicate  the  lines  of  the  original  bedding.  No  less  than 
thirty-seven  species  of  these  minerals  have  been  found  in  the  lime- 
stones in  this  area,  of  which  phlogopite,  malacolite,  serpentine, 
scapolite,  graphite,  and  pyrite  are  the  most  common. 

That  the  limestone  has  in  many  places  been  subjected  to  great 
movements  can  be  distinctly  seen  on  the  face  of  any  high  cliffs  or 
where  other  large  surfaces  of  the  limestone  are  exposed.  Here  the 
interstratified  bands  of  gneiss  or  amphibolite  can  be  seen  winding 
to  and  fro  over  the  exposed  surface,  often  folded  back  upon  them- 
selves or  broken  into  fragments  which  have  become  widely  separated 
from  one  another  by  the  movements,  the  more  plastic  limestone  hav- 
ing flowed  in  between  them,  the  rock  often  in  this  way  taking  on  the 
appearance  of  a  coarse  conglomerate. 

The  quartzites. — Quartzite  is  not  common  in  this  area.  Where 
it  occurs  it  is  found  interstratified  with  the  crystalline  limestones  and 
rusty  weathering  paragneisses.     It  is  well  foliated  and  rather  fine 
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in  grainy  sometimes  containing  a  certain  amount  of  feldspar  as  an 
accessory  constituent,  and  elsewhere  containing  some  pale-green 
pyroxene,  which  is  evidently  derived  from  the  alteration  of  a  certain 
amount  of  calcareous  matter  originally  present. 

Under  the  microscope  the  quartz  of  these  quartzites  is  seen  to  have 
the  form  of  elongated  grains  arranged  in  the  direction  of  the  foliation 
and  showing  very  marked  strain  shadows,  sometimes  passing  into  a 
distinct  cataclastic  structure.  There  is  every  reason  to  believe  that 
these  quartzites  represent,  in  most  cases  at  least,  altered  sandy 
sediments. 

The  gneisses  of  sedimentary  origin  (paragneiss). — ^These  gneisses 
difiFer  distinctly  in  appearance  from  the  foliated  granite  gneisses 
ahready  referred  to,  and  which  constitute  the  bathylithic  intrusions. 
They  are  fine  in  grain  and  show  no  protoclastic  or  cataclastic  struc- 
ture, the  original  material  having  been  completely  recrystallized. 
They  have  an  allotriomorphic  structure,  with  a  tendency  of  certain 
of  the  constituent  minerals  to  elongate  themselves  in  the  direction 
of  the  original  bedding.  While  quartz,  feldspar,  and  biotite  are 
among  the  constituents  present,  the  mica  is  usually  more  abundant 
than  in  the  granite  gneisses,  and,  in  addition,  garnet,  sillimanite, 
graphite,  and  pyrite  are  very  frequently  present,  the  last  giving 
rise  to  a  prevailingly  rusty  color  on  the  weathered  surface.  These 
gneisses  occur  in  the  form  of  well-defined  beds  and  are  usually  found 
intimately  associated  with  the  limestones.  They  resemble  in  many 
respects  the  homstones  which  are  found  in  granite  contact  zones,* 
but  are  rather  more  coarsely  crystalline  than  is  usual  in  this  class  of 
rocks. 

These  gneisses,  while  presenting  a  general  similarity  in  appearance, 
show  a  considerable  diversity  in  composition  and  are  evidently  derived 
from  the  recrystallization  of  sediments  which  varied  considerably 
in  character.  The  two  following  analyses  show  extreme  cases  of 
this  variation. 

No.  I  occurs  interstratified  with  beds  of  white  gametiferous 
quartzite  at  St.  Jean  de  Matha  in  the  Laurentian  district  to  the  north 
of  Montreal.  It  is  composed  of  quartz,  orthoclase,  garnet  (in  large 
amoimt),  and  sillimanite,  with  smaller  amounts  of  rutile,  biotite, 
pyrite,  graphite,  and  serpentine,  the  latter  mineral  resulting  from  the 
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ahoatioQ  of  some  coosumcnt  which  has  nam  entirely  disappeared. 
As  will  be  seeiu  the  rock  has  the  composition  of  an  onlinarv  clay 
slate,  posaessing  the  characteristic  h^  content  of  alumina  with  a 
low  percentage  of  alkalis  and  a  great  picponderance  of  magiifsia 
over  lime,  which  is  characteristk:  of  these  rocks.' 


So^l  No.  n 

SiO, 61.96 79-70 

TiO, 1.66 30 

AI.O, 19.73 8.29 


Fe,0, 

FeO 

FcS, 

MnO 

CaO 

BaO 

MgO 

Na.O 

K,0 

P.O, 

Graphite Notdet. 

Water 1.82 


41 

4-60 1. 17 

4-53 Xotdct 

03 

67 

08 

76 

I  43 

4." 

04 

300 

70 


Tiace 
•35 

1. 81 

79 
2.50 


99-55 


100.69 


Xo.  II  is  from  the  township  of  Stanhope  in  the  Halibiirton  area 
and  is  distinctly  different  in  composition.  If  the  **Mode"  or  per- 
centage mineral  composition  of  this  rock  be  calculated,  it  is  found 
to  be  as  follows : 

TEX  CENT. 

Quartz 55  20 

Orthoclase 18 .  94 

Oligoclase 14  46 

Biotite 3 .  45 

Musconte 3  •  5° 

Rutile 30 

Apatite 09 

Caldte 28 

Graphite 3 .00 

Water 54 


99 


76 


«  See  F.  D.  Adams,  "A  Further  Contribution  to  our  Knowledge  of  the  Lauren- 
tian,"  American  Journal  of  Science ^  July,  1895. 
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If  the  quantitative  classification  be  adopted,  this  rock  would  find 
its  place  as  a  Tehamose,  a  division  which  includes  many  granites 
and  liparites,  and,  so  far  as  its  chemical  composition  is  concerned, 
might  be  of  igneous  origin,  although  few  liparites  contain  so  high  a 
percentage  of  silica.  Its  mode  of  occurrence  and  structure,  however, 
indicate  that  it  is  of  sedimentary  origin  and  it  evidently  results  from 
the  recrystallization  of  some  arkose-like  material  derived  from  the 
disintegration  of  granite  rocks. 

These  sedimentary  gneisses  (paragneisses)  clearly  represent 
deposits  of  argillaceous,  or  in  some  cases  arenaceous  sediment,  often 
more  or  less  calcareous,  which  were  laid  down  in  the  same  sea  in 
which  the  limestones  were  accumulated. 

In  a  extreme  southern  portion  of  the  Bancroft  area  there  is  a 
considerable  development  of  clay  stones  (often  siliceous  or  calcareous) 
which  probably  represent  these  gneisses  in  a  less  altered  form,  but 
which  probably,  at  the  same  time,  hold  a  considerable  admixture 
of  volcanic  material. 

The  amphibolUes. ^-Intimeiiely  associated  with  these  sedimentary 
gneisses  and  the  limestones  on  one  hand,  and  with  the  gabbros  and 
diorites  on  the  other,  are  other  rocks  which  are  grouped  under  the 
name  of  amphibolite.  While  many  varieties  of  these  rocks  occur 
in  the  area,  differing  considerably  from  one  another  in  appearance, 
they  have  as  common  characteristics  a  dark  color  and  a  basic  com- 
position. Quartz,  which  is  one  of  the  commonest  constituents  in 
the  gneisses,  is  absent,  or  is  present  only  in  very  small  amount, 
while  hornblende  and  feldspar,  the  latter  chiefly  plagioclase,  are  the 
chief  constituents  of  the  rock.  Pyroxene  or  biotite  often  replaces 
the  hornblende  in  part.  In  places  the  sedimentary  gneisses  fade 
away  into  occurrence  of  amphibolite  when  traced  along  the  strike. 
Masses  of  amphibolite  also,  as  has  been  mentioned,  abound  as 
inclusions  throughout  the  granite  of  the  bathyliths. 

These  amphibolites,  furthermore,  are  not  peculiar  to  this  area  but 
occur  abundantly  everywhere  in  the  Laurentian.  They  have  always 
proved  to  be  one  of  the  chief  difficulties  in  the  way  of  a  correct  under- 
standing of  the  geology  of  this  system,  seeing  that  it  has  been  impos- 
sible to  do  more  than  indulge  in  conjectures  concerning  their  origin. 
The  same  difficulty  has  been  met  with  in  the  case  of  these  and  allied 
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"'ncMVL  ViiiJUir^nicvs:  ir-aye  imnmhinhet  at  -ae:  zttsesEik    iwmjtrr 
"i  *j^JtiXi  yjTMBH  li  "lie  Ajoft.  wuk  iceic  ^eBHODB  jl  mine  -rniie 

^M  .-^ft  r^xu:  ^  I  -vsrj  ■ir'f  u  ^xniifinn  ol  x  ia&  bees  7*^=^^ 
V.  V^v  *  v.«r^»i'vjt^  taac  ii  "315  tcs^riat  sjecbSsoSbss  ianc  ■  mmi-m^' 
r.  '  -r-s*  *:y*jr»t7  -iSsrat  -viri:.  -^e  '^^urlm  racks.  »>"«t  ■  wn  zi  sx± 

f^^."  'x-rJr.  crxae  to  issersfc  j5gauLj  of  aaeaciS'.  ■^^'^^^^^  ±t 

<,ff//-;rr  xixi  hit  citen  esnnsBoed  ^  10  die  jtrsritf  dsc  in 
a^r; .  ,r,/  ac:^,  1  ^atniactrxr  cccdsac  aaooeniaBg  dbcr  cmrir  rdi33Cs^ 
7>y>^  'hr^  v«r%  are:  «;  Bj  the  iirtaninrphign  and  xtczTKaliizft- 
t>^i  ^^  Imy^rt  cakarerxs  laiiflKics;  'ift;  Bt  the  akendoo  of  bisic 
/i  vk/r>  afjd  Klmihr  igmr/^s  immsioDs;  and  'V)  Bj  the  oootact  acDoo 
'/f  ^h^  in^iiU:  f/athTlith.%  on  the  fimesuxies  through  wfaicfa  thev  col 
lYtf.  t\'i*T^y¥pn  fA  xht  fxipn  of  these  amphibolites  is  discussed  eke- 

IHf^K.'.KSS   OF   TJfh   GR£X\7LLE  SERIES  IX  THE   HALIBriTOX- 
BANCROFT    AREA 

Uliil'-  in  most  parts  of  this  area  the  Grenville  series  is  so  torn  to 
],\t(f .  }}•/  i^^Mous  intrusions  that  no  development  of  it  can  be  found 
MillKi^ntly  fontin'jous  to  enable  its  thickness  to  be  measured,  there 
iirr  in  rrriain  fjart s  f;f  the  area  developments  where  these  intrusions 
an-  distinctly  suborrlinate  and  in  which  such  measurements  can  be 
niaHc  with  at  Irast  \\u:  same  degree  of  accuracy  as  in  the  case  of  any 
other  pre-  (!ambrian  sc-ries. 

One  sii(  h  (h'strirt  is  that  where  the  four  townships  of  Anstruther, 
iiiirlci^h,  Chandos,  and  Methuen  meet.  Here  a  well-defined  s}T1- 
clinal  is  siiccci'dc-d  to  the  east  by  an  anticlinal,  and  the  following 
succession  of  strata,  which  however  does  not  represent  a  complete 
section  tlirouj^h  the  (Jrcnvillc  scries  of  this  area,  is  expressed  in 
descending  order  (Burleigh-Chandos  section). 

I  Journal  of  Grolof^y,  Vol.  XVII,  No.  i. 
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noT 


Limestone  of  Jack's  Lake 6,770 

Rusty  weathering  gneiss  with  associated  amphibolites,  crossing  Lots 

29-35  of  Range  I  of  Anstruther S>7S4 

Limestone  with  bands  of  sedimentary  (''feather")  amphibolite  north  of 

Loon  Lake 3»o6o 

Amphibolite  noith  of  Loon  Lake 2,190 

Limestone  at  Duck  Lake  (nearly  flat,  only  surface  exposed),  say 50 

17,824 

Another  line  of  section  along  which  the  Grenville  series  is  excel- 
lently exposed  and  along  which  measurements  with  a  view  to  deter- 
mining the  thickness  of  the  series  may  be  made,  is  furnished  by  the 
Hastings  road.  This  is  one  of  the  most  striking  sections  of  strata 
of  pre-Cambrian  Age  to  be  found  anywhere  in  the  world.  The  road 
was  constructed  many  years  ago  by  the  government  for  the  purpose 
of  enabling  settlers  to  penetrate  into  what  was  then  a  very  wild,  remote, 
and  inaccessible  portion  of  the  Dominion.  A  line  was  drawn  on  a 
map  and  orders  were  given  to  lay  out  the  road  along  the  line  in 
question.  The  result  was  that  a  long  road  was  constructed,  starting 
from  the  rear  line  of  the  township  of  Madoc,  running  in  an  almost 
straight  line  to  the  Madawaska  River,  holding  throughout  almost  its 
entire  course  a  direction  of  N.  20°  W.  This  road,  which  traverses 
the  whole  width  of  the  Bancroft  sheet  and  almost  the  whole  width  of 
the  area  embraced  by  the  Haliburton  sheet,  fortunately  for  students 
of  geology,  runs  about  at  right  angles  to  the  strike  of  the  country 
rock,  and  throughout  the  whole  southern  portion  of  its  course  traverses 
the  Grenville  series,  affording  excellent  exposures.  The  selection  of 
this  course  for  the  road  was,  however,  correspondingly  unfortunate 
for  the  settlers  who  took  up  land  in  the  district,  since  the  road  holds 
its  course  quite  irrespective  of  hill  or  valley,  and  in  its  course  passes 
directly  across  several  great  gabbro  intrusions  which  give  rise  to  an 
exceedingly  rough  type  of  country,  and  which  might  easily  have  been 
avoided  had  a  slightly  different  line  been  adopted. 

As  will  be  seen  by  consulting  the  Bancroft  sheet  of  the  Ontario 
series  of  maps  now  being  issued  by  the  (Geological  Survey  of  Canada, 
throughout  a  distance  of  25.3  miles  from  lot  30  of  the  township  of 
Madoc  to  60  in  the  township  of  Faraday,  except  where  it  crosses 
the   gabbro   intrusions  above   mentioned,   whose  width   has  been 
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deducted  in  arri\ing  at  the  measurement  just  given,  the  Hastings  road 
passes  continuously  across  the  limestone  and  amphibolites  of  the 
Gren^iUe  series,  and  throughout  this  whole  distanre  crosses  these 
latter  practically  at  right  angles  to  their  strike. 

Furthermore,  throughout  the  whole  distance  these  strata  dip  in 
a  southerly  direction  at  high  angles.  Here  and  there,  at  long  inter- 
\-als  and  for  a  few  yards,  a  reversed  or  northerly  dip  can  be  observed, 
but  this  is  merely  local  owing  to  a  minor  undulaticm  in  the  strata 
which  ha^  no  stratigraphical  significance. 

The  angle  of  dip  naturally  varies  somewhat  from  place  to  place, 
but  the  average  dip  may  be  taken  as  45^.  This  is  a  minimum  esti- 
mate, the  average  dip  along  the  whole  section  being  in  all  proba- 
bility somewhat  higher.  Taking  this  value  we  obtain  the  following 
result: 

Apparent  thickness  of  the  Grenrille  series  along  the  line  of  section 

=25.3  milcs=  133,584  feet 

True  thickness  of  the  Grenville  series  along  this  line  of  section 

^17. SS  mi]es»94,4o6  feet. 

It  must  be  noted  that  the  series  is  one  which  along  the  whole 
length  of  this  section  presents  a  continuous  ahernation  of  beds  of  van- 
ing  character,  so  that  it  is  not  a  foliation  but  a  true  bedding  that  is 
obsened  and  measured. 

It  is,  moreover,  to  be  noted  that  while  this  thickness  is  so  great  as 
to  suggest  reduplication  of  some  sort  by  isoclinal  folding  or  by  faulting, 
there  is  no  stratigraphical  evidence  that  such  reduplication  exists, 
and  a  fact  of  very  great  importance  to  be  noted  is  that  if  there  be  such 
reduplication,  the  basement  upon  which  the  series  was  dep)Osited  is 
nowhere  brought  up  along  the  whole  line  of  section  as  would  undoubt- 
edly be  the  case  unless  the  series  reduplicated  by  folding  was  of  enor- 
mous thickness. 

For  purposes  of  comparison  the  estimated  thicknesses  of  some 
of  the  other  great  developments  of  pre-Cambrian  rocks  in  North 
America  are  presented  on  a  later  page. 

In  all  these  districts  there  is,  as  in  that  at  present  under  considera- 
tion, a  possible  error  due  to  partial  repetition  by  folding. 

In  the  Grenville  series,  as  has  been  stated,  limestones  predominate, 
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and  these  sections  afford  data  for  determining  the  relative  proportion 
of  limestone  present. 

In  the  Burleigh-Chandos  section  given  above  the  Jack  Lake  lime- 
stone is  essentially  a  body  of  pure  limestone,  while  the  l-roon  Lake 
limestone  band  may  be  estimated  to  be  about  half  limestone.  This 
gives  a  thickness  of  about  8,350  feet  of  limestone  in  that  section  out 
of  a  total  of  17,824  feet,  that  is  to  say,  46.8  per  cent,  of  pure 
limestone. 

The  estimated  thicknesses  above  referred  to  are  as  follows: 

FBKT 

Huronian-Marquette  Iron  Range,  Michigan,  U.  S.  A.* i2»59o 

Huronian-Menominee  Iron  Range,  Michigan,  U.  S.  A.' 49650  to   6,400 

Huronian-Penokee  Iron  Range,  Michigan,  U.  S.  A.3 i3>95o 

Huronian-Mesabi  Iron  Range,  Minnesota,  U.  S.  A/ 6,800  to   8,800 

Huronian  &  Keewatin- Vermilion  Iron  Range,  Minnesota,  U.  S. 

A.* i3»35o  to  15,550 

Couchiching  series  in  Rainy  Lake  District,  Ontario,  Canada*.  .23,760  to  28,754 

With  these  may  be  compared : 

Beh  Formation  in  Montana,  U.  S.  A7 12,000 

Pre-Cambrian  of  Lewis  &  Livingstone  Ranges,  Montana,  U.  S. 

A.* 9)900  to  10,700 

«  C.  R.  Van  Hise,  and  W.  S.  Baylcy,  "The  Marquette  Iron-bearing  District  ol 
Michigan"  (Monograph),  U.  5.  Geol.  Survey ^  1897. 

«  W.  S.  Bayley,  "The  Menominee  Iron-bearing  District  of  Michigan"  (Mono- 
graph), U.  S.  Geol.  Survey f  1904. 

s  R.  S.  Irving  and  C.  R.  Van  Hise,  "The  Penokee  Iron-bearing  Series  of  Northern 
Wisconsin  and  Michigan"  (Monograph),  U,  S.  Geol,  Survey ^  1892.  This  thickness 
is  arrived  at  by  adding  to  the  aggregate  thickness  of  1,950  ft.,  given  for  cherty  lime- 
stone, quartz  slate,  and  iron-bearing  member  an  additional  thickness  of  12,000  ft. 
for  the  upper  slate  member,  which  thickness  is  that  of  the  Hanbury  slate,  which  in 
the  Menominee  Range  is  its  equivalent. 

4  C.  K.  Leith,  "The  Mesabi  Iron-bearing  District  of  Minnesota"  (Monograph), 
U,  S.  Geol.  Survey  t  1903. 

5  J.  M.  Clements,  "The  Vermilion  Iron-bearing  District  of  Minnesota"  (Mono- 
graph), U.  S.  Geol.  Survey f  1903. 

6  A.  C.  Lawson,  "Annual  Report  of  Progress,"  Geol.  Survey  of  Canada^  1885, 
p.  108  c.  c. 

7  " Prc-Cambrian  Fossiliferous  Formations,"  Bull.  Geol.  Soc.  Am.,  Vol.  X,  pp. 
201-15. 

*  Bailey  Willis,  "Stratigraphy  and  Structure  of  Lewis  and  Livingstone  Ranges, 
Montana,"  Bull.  Geol.  Soc.  Am.,  Vol.  XIII,  pp.  316-24. 
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In  die  section  akcg  the  fine  of  the  Hasrines  road,  it  is  estimated 
that  the  ''bine  Emestoae**  and  the  ^fimestoiie  and  amphibolite," 
vfaich  represent  the  cakareoos  part  of  the  series,  contain  about  ti^o- 
thirds  of  their  rhirknrss  of  pare  fimestooe.  This  would  give  a  thick- 
ness of  50.286  feet  of  pure  Hmestoiie  out  of  a  total  thickness  oi  94^06 
feet,  equal  to  53 .3  per  cent.  This  laner  section,  being  a  much  hmga 
one.  probabhr  represents  more  nearhr  the  average  |»<^)orti(Hi  of  lime- 
stone  in  the  GrenviUe  series  as  devdoped  in  this  area,  which  in  its 
turn  affords  a  representative  area  of  the  series  as  it  occurs  in  Canada, 
so  that  it  may  be  stated  that  the  GrenviDe  series,  as  a  whofe,  contains 
rather  more  than  one-half  its  thickness  of  pure  limestone.  The 
thkkest  development  oi  limestone  in  anv  occurrence  of  the  Huronian 
in  America  is  the  RandviUe  dolomite  in  the  Menominee  Range, 
whkh  attains  a  thkkness  of  1,500  feet.  In  the  Beh  Fc^rmaticHi  and  in 
the  series  of  pre-Cambrian  rocks  in  the  Lewis  and  Livingstone  Ranges, 
there  is  a  thkkness  of  limestone  amounting  to  4^00  and  5^400  feet 
respectively. 

As  will  be  seen,  the  thickness  of  limestone  in  the  Grenville  series 
is  much  greater  than  in  any  of  these. 

It  may  be  safely  stated  that  the  Gren\-ille  series  presents  by  far 
the  thickest  development  of  pre-Cambrian  limestones  in  Xorth  Amer- 
ica, and  that  it  presents  at  the  same  time  one  of  the  thickest,  if  not 
the  thickest,  series  of  pre-Cambrian  rocks  on  this  continent. 

AREAL   EXTENT   OF   THE   GRENATLLE   SERIES 

Xot  only  has  the  Grenville  series  a  great  thickness,  but  it  has  a 
very  wide  areal  distribution.  It  is  exposed  along  the  southern  border 
of  the  protaxis  from  the  Georgian  Bay  eastward  to  a  point  consider- 
ably beyond  the  St.  Maurice  River,  which  flows  into  the  St.  LawTence 
at  the  town  of  Three  Rivers.  It  extends  to  the  northward  in  the 
Laurentian  Highlands  at  least  as  far  as  the  latitude  of  Cobalt,  although 
not  reaching  so  far  west  as  this  point,  which  lies  in  a  Keewatin  and 
Huronian  district.  To  the  southeast  it  is  stated  by  Professor  H.  P. 
Gushing  to  be  exposed  at  intervals  over  the  whole  Adirondack  area, 
while  to  the  southwest  deep  borings  under  the  city  of  Toronto  have 
brought  up,  from  beneath  the  Paleozoic,  cores  of  a  white  cr>'stalline 
limestone  which  evidently  belongs  to  the  same  series.     The  area  thus 
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outlined  embraces  83,000  square  miles.  In  areal  extent,  therefore,  it 
can  be  compared  only  with  certain  of  the  greatest  developments  of 
the  Paleozoic  limestones  in  North  America  as  for  instance  the  Knox 
Dolomite  of  the  Southern  Appalachians.  Over  this  area  of  83,000 
square  miles,  the  Grenville  series  is  not,  of  course,  now  continuously 
exposed.  It  is  penetrated  in  many  places  by  great  intrusions  of 
granite  and  anorthosite.  This  is  especially  true  of  the  Adirondack 
Mountains  in  which  these  intrusives  are  especially  numerous.  This 
area,  however,  is  one  which  was  originally  undoubtedly  covered 
by  a  continuous  development  of  the  Grenville  series. 

In  all  probability,  however,  the  areal  distribution  of  the  Grenville 
series  is  much  greater  than  this.  In  many  parts  of  the  Laurentian 
Highlands  far  to  the  north  of  the  limit  here  taken  as  the  boundary 
of  the  Grenville  series,  areas  of  white  crystalline  limestone  and  asso- 
ciated rocks  are  found  which  are  identical  in  character  with  that  of 
this  series.  Enormous  developments  of  such  limestones,  identical  in 
all  respects  with  the  Grenville  series,  are,  for  instance,  found  about 
the  shores  of  Hudson  Straits.  Whether  these  northern  limestones 
belong  to  the  same  series  is  however  not  at  present  known  with  cer- 
tainty. Definite  information  on  this  point  may  be  obtained  as  our 
knowledge  of  this  great  northern  country  becomes  more  complete. 
It  is  furthermore  very  highly  probable,  as  the  Grenville  series  along 
the  southern  margin  of  the  protaxis  everywhere  disapp)ears  to  the 
south  beneath  the  Paleozoic  cover,  that  iii  this  direction  it  originally 
had  a  very  much  greater  extent  than  that  over  which  it  is  at  present 
exposed.  In  this  connection  it  is  important  to  note  that  the  pre- 
Cambrian  limestone  series  of  the  Highlands  of  New  Jersey,  which 
has  recently  been  studied  by  Bayley,  has  by  him  been  correlated  with 
the  GrenviUe  series.'  The  facts,  however,  in  our  possession  at 
present  show  that  the  Grenville  series  is  one  of  the  greatest  limestone 
series  in  North  America  and  that  it  presents,  as  has  been  mentioned, 
the  greatest  development  of  limestone  known  in  the  pre-Cambrian. 

CORRELATION  OF  THE  GRENVILLE  SERIES 

In  connection  with  the  Grenville  series  one  other  question  presents 
itself,  namely,  whether  this  great  series  represents  a  continuous  suc- 

«  "Preliminary  Account  of  the  Geology  of  the  Highlands  of  New  Jersey,"  Science^ 
May  8,  1908,  p.  722. 
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cesaon  of  strata  or  vfaethcr  in  it  there  may  be  two  series  of  identical 
pctrogr^ihkal  character,  intimately  associated,  and  iidiich  have  been 
subjected  to  the  same  intense  and  wideqiread  metamcnrphism.  The 
information  hitheno  accumulated  and  bearing  on  the  question  mav 
be  briedy  stated.  In  the  report  upon  the  Halibiuton-Bancroft 
area,  by  Dr.  Baiiow  and  the  writer,  to  idiich  rrference  has  already 
been  m^e,  the  otimieiKeof  conglomerates  at  afew  separated  points 
in  the  southern  portion  of  the  area  is  described  and  the  conclusion  is 
reached  that  certain  of  these  are  probably  of  epidastic  origin  and 
indicate  an  unconformity  in  the  series.  If  two  series  be  present, 
however,  the  intense  metamorphism  and  folding  has  rendered  it 
impossible  to  delimit  them  in  the  area  embraced  by  the  report  in 
question.  Wlien  the  international  conunittee  representing  the 
geological  sur\*e>^  of  the  United  States  and  Canada  (appointed  for 
the  purpose  of  effeaing  a  ccxrelation  of  the  pre-Cambrian  rocks  of 
the  Adirondack  Mountains,  the  "Original  Laurentian  Area"  and 
Eastern  Ontario)  \isited  the  Madoc  district,  which  lies  to  the  south 
of  the  Haliburton-Rancroft  area,  they  examined  a  conglomerate  near 
the  tov^Ti  of  Madoc  and  concluded  that  it  probably  represented  a 
break  in  the  pre-Cambrian  sedimentar)*  limestone  series  as  there 
develor>ed.  Miller  and  Knight,  who  \*isited  the  district  in  the  autumn 
of  la-t  year,  stated  in  a  short  paper  which  appeared  in  the  Report  of 
the  Ontario  Bureau  of  Mines  for  1907  (p.  202),  and  which  was  after- 
ward read  before  the  American  Geological  Society,  that  "a  few  da>*s 
in  the  field  has  made  the  relationship  of  the  sedimentary  series  quite 
plain,  and  the  view  that  the  Grenville  and  Hastings  series  constitute 
one  series,  the  former  being  a  more  highly  altered  phase  of  the  latter, 
is  no  longer  tenable.''  A  careful  study  extending  over  many  months, 
however,  shows  that  Logan  was  quite  right  and  that  the  comparatively 
unahered  strata  of  what  he  mapped  as  the  Hastings  series  pass  over 
imperceptibly  into  the  typical  Grenville  series.  What  the  committee 
%.taw,  and  Messrs.  Miller  and  Knight  have  substantiated,  is  that  within 
this  unahered  **  Hastings  series"  of  Logan,  as  also  probably  in  the 
more  altered  "Grenville''  phase  of  the  same  rocks,  there  are  two 
series  which  are  petrographically  identical.  These  series,  when  worked 
out,  should  be  distinguished  by  specific  names,  as  Upper  and  Lower 
Grenville,  or  one  may  be  termed  the  "  Madoc  series."    Logan's  "  Hast- 
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ings  series"  is  the  less  altered  phase  of  both  and  to  employ  it  now,  to 
designate  either,  is  to  use  it  in  a  new  sense  differing  from  that  of 
Logan  and  thereby  introduce  confusion  in  the  nomenclature.  Messrs. 
Miller  and  Knight  conjecturally  set  down  the  lower  of  these  two 
series,  with  its  enormous  body  of  limestone  and  other  sediments, 
as  Keewatin  and  as  the  equivalent  to  the  Keewatin  iron  formation  of 
Lake  Superior,  correlating  the  upper  series  with  the  Huronian. 

Van  Hise  in  his  recent  "Presidential  Address,"*  however,  very 
properly  declines  to  accept  this  view  until  some  evidence  has  been 
adduced  in  favor  of  such  a  supposition. 

In  fact,  if  conjecture  must  be  indulged  in,  it  is  much  more  reason- 
able to  correlate  the  whole  series,  being,  as  it  is,  essentially  a  great 
sedimentary  limestone  series,  with  the  Huronian,  owing  to  the  fact 
that  as  we  come  east  in  the  Huronian  developments  of  the  iron  ranges 
of  Lake  Superior,  limestones  become  more  abundant.  The  thickest 
and  greatest  bodies  of  limestone  in  the  whole  western  pre-Cambrian 
are  those  of  the  Menominee  Range.  It  may  easily  be  that  still  further 
east  the  Huronian  becomes  still  more  highly  calcareous  and  takes 
on  essentially  a  limestone  facies,  while  the  Keewatin  has  essentially 
a  pyroclastic  development. 

But  it  must  be  borne  in  mind  that  so  far  as  is  known  at  present,  the 
Grenville  series  may  be  a  distinct  entity,  separate  from  either  and 
differing  in  age  from  both.  This  can  only  be  ascertained  by  a  further 
detailed  examination  of  the  intervening  areas. 

Whatever  may  be  the  result  of  future  studies — ^whether  it  be 
established  that  the  Grenville  series  is  to  be  correlated  with  members 
of  the  pre-Cambrian  development  in  the  west  or  whether  it  proves  to 
be  a  series  differing  in  age  from  any  of  these — ^it  remains  the  greatest 
development  of  limestone  known  in  the  pre-Cambrian  of  North 
America  and  one  of  the  greatest  limestone  developments  of  any  age. 

X  Bull.  GeoL  Soc,  of  America,  March  30,  1908. 
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br  sr-j7j  :*:  :bc  d&znige  sastained  t^  buildings  during  earth- 
i  T15;:  m>:  jn:  of  ancniioo  has  been  devoted,  while 
srror:  jr^.  z^tzztz  f -z:e-f  :o  re-swJ  the  nature  of  the  cfistuibaDoe 
h^rflj  itre*  trK—'-ei  2:  all  from  die  sdentifc  standpoint. 
15  ir.  z-^n  ::  r«e  cir-liise'i  because  the  damage  has  been  supposed 
rts"^:  -K-b-iIy  frc»=:'cLLfc5c  Traves,  but  in  part  it  has  been  detarmined^ 
hj  th-T  ob"Ic  .15  =*cfcss:n-  erf  safeguarding  the  fives  of  the  inmates  of  the 
builiiiixs.  Adccdng  the  newer  viewpdnt  that  the  vibrations  felt  at 
ihc  ^ -jrfict  of  the  earth  are  genetically  at  least  a  secondary  rather 
than  a  zzirr.2Ty  cause  of  the  disturbance,  our  attenticm  must  be  turned 
in  a  dif  eren:  direction.  In  place  of  hi^  structures  we  must  study 
lo-^.-  'I  r.-.  ?,  izd  iTZzn  insT^cnng  damage  at  isolated  points  we  must  note 
thv  :; -try-: -tier,  of  the  damage  along  complete  sections  crossing  the  . 
af .::  :  :>:.-:::.  Buildings  thus  give  place  in  importance  to  rail-  J 
•^a;.>.  •_  :>.  '.ir.is.  and  :o  nivtal  cables,  and  in  fact  to  any  cofUinuaus 
structurLS  of  ::i;rly  urJform  ^trmgth  and  rigidit}-  over  long  distances. 
Su :h  .-:rjc:urL -  are  sjitc-d  to  register  either  tensional  or  compressional 

Rail-.vay  tracks,  now  the  most  generally  available  of  these  struc- 
ture-. j»re.servc  a  record  of  tension  in  the  tearing  out  of  fish-plates  and 
separation  oi  rail  ends,  and  of  compression  in  the  jamming  of  the 
joints  and  the  buckling  or  kinking  of  the  metals.  The  first  and 
most  striking  result  of  obsenation  of  the  damage  to  such  structures,  is 
the  common  occurrence  of  distinctly  local  maxima  of  deformation  (see 
Fig.  I,  C  anrl  D).  The  zones  of  deformation  are  not  always,  however, 
so  narrow  as  in  these  instances,  but  may  be  betrayed  by  a  sinuous 
course  of  the  rails  extending  over  a  considerable  fraction  of  a  mile 
(see  Fig.  i,  A), 

»  A  p:i|)(rr  read  iK'forc  the  American  Association  for  the  Advancement  of  Science  at 
the  C'hicago  Meeting,  December,  1907. 
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There  is  a  type  of  structure  whose  sensitiveness  for  recording  earth 
movements  seems  never  to  have  been  given  its  due  weight,  for  we 
look  in  vain  for  any  grouping  of  the  evidence  from  damage  sustained 
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Fig.  I. — (A)  Compressed  railway  tracks  in  the  approach  to  the  Klsogawa  Railway 
bridge  after  the  Japanese  earthquake  of  1891  (after  Milne  and  Burton).  {B)  Biwa- 
jima  Road  bridge  thrown  into  a  serpentine  form  during  the  Japanese  earthquake  of 
1891  (after  Milne  and  Burton).  (C)  Car  tracks  which  have  sustained  a  sharp  local 
compression  along  an  oblique  intersecting  line.  California  earthquake  of  1906  (after 
H.  W.  Fairbanks).  (Z>)  Electric  railway  tracks  near  San  Francisco,  showing  a  sharp 
local  compression  along  an  oblique  intersecting  line.  Calif ortiia  earthquake  of  1906 
(after  Moran). 


by  bridges  at  the  time  of  earthquakes.    The  writer  has  recently  noted 
in  a  brief  statement  the  rather  common  observation  that  the  abut- 


\'.t^  l:^\uti  K^dTAtj-jiAfi  if  :::fctr  -Jat  "^Jiiiiiriia  jciniuaig  if  rxc. 

f  *  y*'/^-  •>/:  --^r* ..'.  ?>.  i  ii  *sc«iil7  TLaacit.  saac  r  -wcS  Sascntes 

I  €2znc2ECs6c  (SscortioD  of 


±e  ibcmenri  of  bridges 
obserred  afrcr  a  destructive 
tarthq  :ate.  Of  this  bridge 
Dutton  sa\-5: 

The  approach  to  the  bridge 
is  by  a  long  embankment,  trav- 
ersing a  marshy  flat  with  an 
ascending  grade,  giving  place 
fiMif  Jl,*  l/fj'l;/'  io  it  itiy\t  tr«:Mle.  An  embankment  and  trestle  lead  to  the  bridge 
tt',111  fli'  '/|/|/'/n/i«  i'.t'U  The  draw-bridge  was  closely  jammed  by  the  earth- 
/jij*it',  III*  iMiffi"li;ii«  (;iijt«:  Uring  the  sliding  or  creeping  of  both  river  banks 
Jow.if'l  jIm"  Mfiiif  of  (111-  Htn:am,  carrying  the  trestle  with  them.  West  of  the 
Hv<f  iIm'  )Min(-.  of  (Ijr  railH  were  tf>m  open  by  tension  produced  in  this  sliding 
HiMlinii      (!'    yt,\  ) 

Thr  niilv  oihrr  railroad  bridge  within  the  so-called  "epicentral 
liiu  1 "  ul  ihi'.  rjii!h(|uakr  was  on  the  same  line  of  railway  near  Ran- 
I<iwKn  Sliilinn: 

•  i\inhifiuik0%,  Afi   littroduition  to  Seismic  Geology  (D.  Applcton  &  Ca>.  locr, 

p.  M'» 

«('    I-    |)im«»n,    "Thr  C'hftrU-ston  Fjirthquake/*  j?/A  .4  «»tii«i/  /?r^prf.  U.  S.  G«:». 

S\n\rv,  |».  i.U- 
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The  piling,  which  affords  no  indication  of  relative  movement  from  inclosing 
earth,  has  dragged  attached  bents  from  vertical  positions  and  jerked  the  super- 
structure from  opposite  sides  to  the  center  line  with  violence,  wrecking  rails,  bulg- 
ing up  stringers,  forcing  up  the  caps  of  bents  which  were  mortised  with  four-inch 
tenons^  and  in  general  affording  liberal  indications  of  shortening  of  the  distance 
separating  banks.     (Pp.  304,  305.) 

Of  culverts  and  trestles  there  were  many  which  received  serious 
damage  at  the  time  of  this  earthquake,  and  all  appear  to  have  been 
deformed  by  a  longitudinal  compression.' 

THE  MINO-OWARI  EARTHQUAKE  OF  OCTOBER  28,   189I* 

This  earthquake  has  furnished  some  of  the  best  illustrations  any- 
where available  of  the  nature  of  damage  to  bridges  during  a  destruc- 
tive earthquake. 

The  Biwajima-Bashi,  a  wide  wooden  carriage  bridge  across  the  Schonaigawa, 
was  completely  wrecked.  It  lies  in  the  bed  of  the  river  in  a  curious  serpent-like 
twisted  form.  The  river  is  very  low,  and  the  continuity  of  the  bridge  was  nowhere 
actually  broken,  so  it  was  possible  to  walk  across,  though  the  feat  was  not  an  easy 
one  on  accoimt  of  the  angle  at  which  the  footway  was  canted.     (See  Fig.  i,  B,) 

A  brick  railway  bridge  near  the  Biwajima  River  presented  a  singular  appear- 
ance. The  abutments  which  ordinarily  had  been  perpendicular,  had  apparentiy 
been  pushed  backward  to  the  right  and  left,  and  the  arch  which  they  ordinarily 
supported  lay  in  two  huge  quadrant  shaped  masses  blocking  up  the  roadway 
between  them.  (See  Fig.  3,  D.) 

Speaking  of  the  Kisogawa  bridge,  Milne  and  Burton  say: 

a)  Approaches, — ^A  more  important  feature  is,  however,  the  serpent-like 
bending  of  the  line.  Not  only  have  the  metals  been  deflected,  but  the  embank- 
ment has  suffered  a  parallel  deformation.  It  seems  as  if  the  country  here — and 
similar  appearances  are  presented  at  other  places— had  been  subjected  to  a 
permanent  longitudinal  compression.  At  each  of  these  bends,  although  not 
shown  in  the  present  picture,  to  the  right  and  left  of  the  line,  there  is  generally 
a  slight  compression  in  the  general  contour  of  the  country  which  possibly  may 
mark  the  line  of  an  ancient  watercourse,  in  which  we  may  imagine  that  the 
materials  are  softer  than  elsewhere.     (See  Fig.  i.  A,) 

h)  Bridge, — ^The  lateral  shifting  of  the  foundations  by  which  the  distances 
between  the  piers  have  been  reduced,  has  been  the  result  of  a  permanent  com- 
pression which,  had  the  bridge  been  represented  by  a  line  across  the  river  bed, 
would  have  been  contorted  into  one  or  more  snake-like  bends.     (See  Fig.  3,  A,) 

X  Loc,  cU.,  pp  986,  390. 

>  John  Mikie  and  W.  K.  Burton,  The  Great  Earthquake  in  Japan,  1891,  Yoko- 
hama, (Lane,  Crawford  &  Co.,  1892),  ad  ed. 
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Speaking  of  a  bridge  near  the  Kiso  River  and  also  near  the  great 
Kisogawa  bridge  just  referred  to,  the  authors  state  that  this  bridge 
consists  of  two  spans  of  70-foot  plate  girders,  and  add: 

The  end  walb  or  abutments  are  cut  through  horizontally,  and  the  solid  brick 
"well"  which  suj^rted  the  central  pier  between  the  spans  is  broken  across  like  a 
stick.  The  upper  portion  of  the  well  has  moved  three  feet  sideways  on  the  line 
of  fracture. 

From,  the  photograph  it  will  be  seen  that  while  the  south  abutment  is  broken 
through  horizontally,  the  side  walls  are  cracked  diagonally. 

At  the  end  of  the  crack  where  it  rises  from  the  ground  it  was  discovered,  on 
taking  the  brick  work  down  for  reconstruction  that  the  earthquake  had  thrown 
the  foundations  of  each  wing  wall  10  inches  away  from  the  well  formation  of  the 
abutment  which  originally  was  touching  the  foundations.      (See  Fig.  5,  A,) 

Thus  in  this  case,  also,  it  appears  that  the  abutments  showed 
evidences  of  the  shortening  of  the  distance  between  them  in  their 
tilting  back  from  the  river. 

Probably  the  most  interesting  and  instructive  example  yet  furnished 
of  the  deformation  of  bridges  during  earthquakes  is  that  of  the  rail- 
way bridge  over  the  Nagara  River  (See  Fig.  3,  B  and  C). 

The  main  part  of  the  bridge  consists  of  five  independent  thrust  girders  of  wide 
span.  The  piers  at  the  two  ends  of  one  of  these  girders  are  completely  wrecked 
and  the  girders  have  fallen  bodily  into  the  bed  of  the  river.  The  piers  on  either 
side  of  the  two  mentioned  are  partiy  wrecked,  and  the  girders  between  them  and 
the  first-mentioned  girders  rest,  each  with  one  end  in  the  river  bed,  the  other  on  the 
top  of  the  partiy  destroyed  pier.  The  remaining  girders  are  in  their  original 
positions  or  nearly  so. 

It  will  again  be  observed  that  the  portion  of  the  bridge  which  has  fallen  relative 
to  the  part  which  remains  standing,  has  been  thrown  some  distance  out  of  a  straight 
line. 

Examination  has  shown  that  this  displacement  is  not  simply  a  displacement 
of  the  upper-work  of  the  bridge,  but  the  ground  with  the  screw-pile  foundations 
has  been  shifted  a  distance  of  several  feet  up  the  stream. 

The  embanked  approach  to  the  Nagaragawa  bridge  has  been  thrown  into  a 
regular  series  of  undulations  of  such  extent  that,  looking  along  the  line  eastward 
from  the  eastern  abutment,  the  appearance  is  ahnost  that  of  looking  along  a 
switch-back  railway. 

It  will  not  fail  of  observation  that  the  bridge  spans,  though  fallen 
in  some  instances  from  their  foundations,  and  further  shifted  some 
distance  up  stream,  approximate  to  ciured  sections,  in  both  horizontal 
and  vertical  planes,  yet  maintain  their  continuity  across  the  river 


642 


W\f,  HERBERT  HOBBS 


DAMAGE  TO  BRIDGES  DURING  EARTHQUAKES         643 

from  bank  to  bank.  The  narrowing  of  the  distance  between  banks 
which  is  thus  indicated  is  considerable.  This  is  shown  in  Fig.  3, 
5  and  C. 

EARTHQUAKE  OF  SCHONAI,  JAPAN,  IN   1 894 

An  interesting  illustration  of  the  approach  of  the  abutments  of  a 
rustic  bridge  during  the  Schonai  earthquake  is  seen  in  Fig.  4,  B.  In 
this  case  the  girder  has  slid  up  over  one  of  the  abutments  so  as  to 
allow  the  latter  to  move  toward  the  stream.' 

GREAT  ASSAM  EARTHQUAKE  OF  JUNE   12,    1897* 

Next  to  the  Mino-Owari  earthquake  this  great  disturbance  has 
fiu-nished  perhaps  the  largest  number  of  examples  of  wrecked  bridges. 
These  will  be  discussed,  therefore,  in  some  detail: 

Bridge  on  Grand  Trunk  Railroad  west  of  Gauhati : 

At  the  western  end  of  the  Gauhati  Bazar  is  a  bridge  of  three  girders  carrying 
the  Grand  Trunk  Road  over  a  small  stream,  which  here  joins  the  Brahmaputra. 
The  original  length  of  the  bridge,  as  measured  along  the  hand  rail,  was  99  feet, 
4  inches,  while  the  present  length,  between  the  same  points,  is  97  feet,  10  inches. 
The  bridge  has  therefore  been  shortened  18  inches.  This  has  been  caused  by 
fissuring  of  the  banks  on  both  sides  of  the  stream,  the  abutments  having  been 
carried  forward.  One  of  the  piers  has  been  tilted  over  probably  by  the  thrust  of 
the  girder.    There  are  no  cracks  in  the  abutments.    (P.  266.) 

Assam  Bengal  Railway  (Reported  by  T.  .D.  Latouche) : 

I  went  out  along  this  line  as  far  as  the  bridge  over  the  Kapili  River  about 
forty-one  miles  from  Gauhati.  The  rock  cuttings,  in  gneiss,  have  not  bten  affected 
in  the  slightest  degree  by  the  shock,  but  where  the  line  passes  over  alluvium,  the 
embankment  has  settled  down,  carrying  the  rails  with  it.  Many  of  the  culverts 
are  badly  cracked,  apparently  from  the  same  cause  as  has  affected  the  bridge 
mentioned  above  at  Gauhati,  viz.,  the  fissuring  of  the  banks  of  the  streams  and 
the  consequent  sliding  forward  of  the  abutments  and  wing  walls.  The  piers  of 
the  large  bridge  over  the  Kapili  are  cracked  through  l^orizontally  at  about  2  feet 
above  the  ground  level,  and  the  girders  have  shifted  lengthwise  on  top  of  the 
piers.    (P.  267.) 

Bridge  over  the  Bara  Khal  (Reported  by  G.  E.  Grimes) : 

In  the  case  of  the  bridge  over  the  Bara  Khal  the  piers  have  fallen  right  over 
into  the  river  and  disappeared  entirely;   before  the  earthquake  this  bridge  had 

*  D.  Kikuchi,  Recent  Seismological  Investigations  in  Japan,  Pub.  £.  I.  C,  No.  19 
(Tokyo),  1904,  Fig.  46. 

»  R.  D.  Oldham,  Mem,  Geol  Sunt,  India,  Vol.  XXIX,  (1899)". 
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eleven  piers  standing,  each  with  9000  cubic  feet  of  masooiy,  there  being  three 
spans  of  sixty  feet  and  six  spans  of  forty  feet,  but  after  the  shock  only  two  piecs 
on  each  bank  were  left  standing  and  the  intennediate  space  is  quite  blank.  At  the 
time  of  the  shock  the  two  embankments  are  said  by  those  who  were  i»%sent  to  have 
moved  toward  one  another  and  then  apart,  when  the  telq^r^ih  wires  were  snapped 
across  and  some  of  the  insulators  were  hurled  violently  for  a  considerable  distuce 
backward  from  the  river.     (P.  295.) 

The  damage  to  the  bridges  on  the  Assam  Bengal  Railway  is  thus 
summarized  by  Mr.  Grimes: 

The  abutment  walls  are  cracked  or  broken  and  have  come  to,  shortening  the 
span.  .  .  .  This  coming-to  of  the  abutment  walls  is  often  quite  oonaidcrabfe^  and 
in  spans  of  twent}'  feet  it  is  sometimes  as  much  as  a  foot  AccompKupng  tfail 
movement  we,  in  almost  every  case,  see  that  on  one  or  both  sides  of  die  bridge  the 
embankment  has  sunk  several  feet  When  the  bridges  have  wing  walk  to  As 
abutment,  this  forward  moviement  has  cracked  and  considerably  damaged  I1m% 
but  where,  as  in  the  case  of  many  of  the  smaller  bridges,  there  are  8tiaj|^  i 
walls,  the  pressure  has  acted  along  the  length  of  the  walls  and  not  1 
and  so  the  bridges  have  mostly  escaped  with  litde  or  no  damage.  The  1 
to  of  the  abutments  and  consequent  shortening  of  the  span  has  either  1 
the  buckling  up  of  the  girders  in  the  center,  or  the  girders  have  pushed  back  on 
and  broken  off  the  balance  walls  of  the  abutments.  In  a  few  cases  the  piers  of  the 
bridges  have  been  tilted  over  to  the  side,  but  in  most  cases  only  inwards.     (P.  296.) 

Gauhati  Road  Bridge  over  Umkra  River: 

The  large  bridge  on  the  Gauhati  Road  about  one  and  one-half  miles  from  Shfl- 
long,  over  the  Um kra  River,  has  suffered  severely.  The  abutment  on  the  southeast 
side  fell  entirely,  carrying  the  girders  with  it.  The  two  piers  and  the  abutment  on 
the  northwest  side,  which  are  of  more  recent  construction,  remained  standing, 

though  somewhat  cracked.     (P.  271.) 

Bridge  near  Shampur  on  Kuch  Bihar  Railway: 

Near  Shampur,  also,  the  hexagonal  brick  piers  of  one  of  the  bridges  ha^e  beea 
broken  through  horizontally  and  the  upper  portion  has  shifted  slightly:  this  fbmi 
of  fracture  appears  to  have  been  rather  common,  and  though  at  first  suf^poaed  to 
be  of  no  great  moment,  was  subsequently  found  to  render  the  bridges  unsafe  for 

either  rapid  or  hea\'y  traffic.     (P.  284.) 

Bamboo  bridges  over  canal  (reported  by  H.  H.  Hayden) : 

The  canal  being,  as  already  stated,  a  line  of  weakness,  it  is  not  surprising  to 
find  that  the  banks  on  each  side  are  cut  up  by  fissures,  while  its  bed  has  risen  in 
some  cases  through  several  feet,  the  central  portion  being  now  above  the  water: 
this  is  well  shown  by  the  bamboo  bridges  which  have  been  shot  up  in  the  center 
(see  Fig.  4,  ^4).  The  same  effect  is  seen  in  numerous  places  between  Rangpur 
and  Kuch  Bihar,  where  bridges  of  small  span  cross  canals  or  swamps.     If  the 
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bridge  has  a  central  pier  then  the  pier  has  been  shot  up  and  the  bridge  broken. 
This  is,  however,  in  some  cases  due  partly  to  a  sinking  of  the  abutments  as  well. 
(P.  285.) 

Manshai  Bridge: 

In  the  neighborhood  of  Dewan  Hat,  however,  the  line  has  suffered  severely, 
and  the  bridges,  particularly  that  over  the  Manshai  River,  have  been  broken 
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Fig.  5. — (A)  Bridge  of  Tokaido  Railway  near  the  Kisogawa  with  abutment  broken 
by  the  approach  of  river  banks  during  Japan  earthquake  of  189 1  (after  Milne  and 
Burton).  {B)  Bridge  over  Salinas  River  with  distorted  abutment  damaged  during 
California  earthquake  of  1906  (after  Derleth).  (C)  Coimty  bridge  over  Pajaro  River 
at  Chittenden,  California,  after  the  California  earthquake  of  1906  (after  Dudley). 
(D)  Manshai  bridge  after  the  Assam  earthquake  of  1897  (^ter  Oldham). 

(see  Fig.  5^  D).  At  about  seven  miles  south  of  Kuch  Bihar,  a  small  bridge  passing 
over  a  water  channel  in  swampy  land  has  been  damaged  by  the  thrusting-up  .of 
the  central  pier.    (P.  287.) 
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Examinatioo  of  the  photograph  of  die  Manshai  bridge  reproduced 
in  Fig.  5,  Z),  will  diow  in  the  lateral  kink  ot  the  rails  and  the  dropping 
of  the  span  conformity  with  the  ^neral  rule  that  there  is  a  shortening 
of  the  distance  between  piers. 

CALTFORNIA  EARTHQUAKE  OF  APRIL   18,    I906 

The  report  upon  this  earthquake'  purporting  to  discuss  the  effect 
on  structures  particularly  is  a  disappcMntinent  in  that  a  single  bridge 
only  is  mentioned,  and  this  in  such  ambiguous  language  that  the 
nature  of  the  damage  sustained  can  only  be  guessed.'  The  bridge 
referred  to  is  that  of  the  Southern  Pacific  Railway  where  it  crosses  the 
Pajaro  River  near  Chittenden  Station.  Abundant  material  for  a 
study  of  the  damage  to  bridges  existed,  and  we  are  fortunate  in 
ha\'ing  been  able  to  collect  the  data  concerning  some  interesting 
examples.  One  of  these  is  illustrated  by  a  ph(^ograph  of  the  county 
bridge  over  the  Pajaro  River  at  Chittenden,  which,  as  well  as  any 
we  have  seen,  illustrates  a  typical  effect  of  earthquakes  upon  such 
structures  (see  Fig.  5,  C).* 

The  damage  sustained  by  the  Salinas  Highway  Bridge  in  the  same 
pro\ince  has  been  described  and  photographed  by  Derleth^  (see 
Fig.  5,  5),  and  is  shown  to  conform  to  the  rule  which  elsewhere 
obtains.  The  bridge  rests  on  pile-bent  abutments.  The  north 
abutment  was  not  disturbed,  but  the  south  abutment  was  bent  back 
from  the  river  at  the  top  and  it  is  stated  that  the  ground  moved  out 
toward  the  river  beneath  it  a  distance  of  six  feet.  A  three-inch  oil 
pipe-line  crossing  the  bridge  was  bent  into  an  5  and  ruptured. 

In  the  same  article  Derleth  has  given  us  a  clear  accoimt  of  the 
damage  to  the  Southern  Pacific  Railway  bridge  over  the  Pajaro 
River,  from  which  it  appears  that  this  case  is  an  unique  exception  to 

«  Grove  Carl  Gilbert,  Richard  Lewis  Humphrey,  John  Stephen  Sewell,  and 
Frank  Soule,  Tfu  San  Francisco  Earthquake  and  Fire  of  April  i8,  igo6,and  Their 
Effect  on  Structures  and  Structural  Material,  Bull.  324,  U.  S.  Geol.  Surv.,  1907,  pp. 
170,  pis.  56. 

a  Lac.  cit.,  p.  20,  Pi.  XI  A. 

3  Reproduced  in  Salisbury's  Physiography  fNew  York,  Holt  &  Co.>  1907),  p.  424. 

4  Charles  Derleth,  Jr.,  C  E.,  "The  Destructive  Effect  of  the  San  Francisco  Earth- 
quake of  1906,"  Engineering  News,  Vol.  LV.  No.  26  (June  28,  1906),  p.  712,  Figs. 
15  and  16. 
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the  general  rule.  The  bridge  lies  across  the  rift  line  of  California  at 
a  very  acute  angle  and  it  is  probable  that  the  large  shif tings  on  this  line 
have  here  played  an  important  r61e  in  producing  the  damage.'  The 
pulling  of  the  girder  out  of  its  seat  on  the  south  abutment  apparently 
indicates  a  widening  of  the  distance  between  banks  during  the  earth- 
quake, and  this  would  appear  to  show  that  the  shear  on  the  rift 
plane  is  here  in  a  contrary  sense  to  that  which  has  generally  obtained 
at  other  places. 

Through  inquiry  of  the  engineering  department  of  the  Southern 
Pacific  Railway  Company  it  was  foimd  that  in  addition  to  the  Pajaro 
bridge  above  mentioned  slight  damage  was  sustained  in  other  sections 
of  the  road.  Some  few  trestles  were  thrown  out  of  line  and  "two 
small  drawbridges  were  affected  slightly  by  the  movement  of  the 
landing  piers  toward  the  center  piers — ^just  enough  in  each  case  to 
bind  the  bridge."*  On  the  Atchison,  Topeka  and  Santa  Fe  Railway 
there  was  a  Bascule  bridge  in  which  the  two  leaves  approached 
each  other  so  closely,  as  a  result  of  the  disturbance,  that  the  bridge  was 
rendered  inoperative  until  changes  were  made.  This  gradual  ap- 
proach of  the  two  abutments  has  continued  in  the  absence  of  sensible 
shocks  during  the  succeeding  two  years.^ 

In  the  report  of  the  subcommittee  on  railway  structures  to  the 
General  CoDMnittee  of  the  American  Society  of  Civil  Engineers^ 
it  is  stated  that  embankments  crossing  marshy  ground  generally 
sank  (sometimes  as  much  as  eleven  feet),  and  that  trestles  in  soft 
material  moved  or  were  thrown  down.  Railway  drawbridges  across 
little  creeks  and  inlets  about  the  Bay  of  San  Francisco  "  were  affected 
by  a  slight  movement  of  their  piers,  in  many  cases  resulting  in  the 
bridge  binding  so  that  it  could  not  be  opened  until  some  repairs  were 
made."  On  the  California  and  Northwestern  Railway  the  bridge  at 
Bohemia  and  the  one  over  the  Russian  River  at  Healdsburg  were 

»  Loc.  cU,,  p.  711. 

•  Letter  from  J.  H.  Wallace,  Assistant  Chief  Engineer,  Southern  Pacific  Company. 

3  Letter  from  H.  C.  Phillips,  Chief  Engineer,  A.  T.  and  S.  F.  Ry.  Co. 

4  "The  Effects  of  the  San  Francisco  Earthquake  of  April  18,  1906,  on  Engineer- 
ing Constructions,"  Report  of  a  general  committee  and  six  special  conmiittees  of  the 
San  Francisco  Association  of  Members  of  the  American  Society  of  Civil  Engineers 
(with  discussions  by  twenty-three  others,  Ed.),  Trans.  Am.  Soc.  Civ.  Eng.,  Vol.  LIX, 
(December,  1907),  pp.  208-329. 
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both  slightly  shifted  on  their  piers  at  one  end.  At  Duncan's  Mills 
on  the  North  Shore  Railroad  a  combination  span  a  hundred  and 
twenty  feet  long  **had  the  eye-bars  in  the  lower  chord  buckled  by 
movement  of  the  abutments  toward  each  other"  (see  Fig.  6,  B).^ 

The  sub-committee  appointed  to  investigate  highway  structures 
in  lieu  of  a  report  oflfered  the  statement  that  such  structures  had  been 
singularly  immune  from  damage.  This  meager  statement  is  curi- 
ously contradicted  by  the  evidence  furnished  in  the  printed  discussions. 
The  highway  bridge  across  a  creek  tributary  to  Tomaks  Bay  near 
Port  Reyes  Station,  which  had  eight  panels  or  sections,  had  its  north 
abutment  sink  two  to  three  feet  and  approach  the  south  abutment 
so  much  that  in  reconstruction  the  north  end  panel  was  not  used  but 
was  in  part  replaced  by  an  apron  (see  Fig.  6,  C).^  At  Watsonville  was 
a  bridge  which  according  to  Derleth  was  distorted  in  the  same  manner 
as  the  Salinas  bridge  above  described  and  with  which  it  is  compared.' 
In  each  case  the  deformation  was  ascribed  to  "differential  surface 
movement  distinct  from  elastic  vibration." 

Two  additional  instances  have  been  mentioned  in  the  report  with 
illustrations  by  Galloway/  to  wit:  the  Alder  Creek  bridge  north  of 
Point  Arena  in  Mendocino  County,  the  other  the  Gualala  bridge 
south  of  the  same  point.  The  first  mentioned  (Fig.  6,  D)  now  lies 
on  the  bed  of  the  stream  across  the  rift  line,  the  other,  a  steel  structure, 
had  one  end  of  the  girder  dropped  twenty-eight  feet.  These  bridges 
were  not  examined  by  the  engineers,  and  the  views  afford  the  cmly 
evidence  at  hand. 

KINGSTON  EARTHQUAKE   OF   JANUARY    14,    I907 

A  very  recent  example  wliich  illustrates  the  usual  deformation  of 
a  bridge  at  the  time  of  a  destructive  earthquake,  has  been  fiunished 

»  J.  H.  Wallace,  H.  C.  Phillips,  R.  M.  Drake,  and  E.  M.  Boggs,  sub-committee, 
loc.  cit.  p.  259,  PI.  53,  Fig.  I. 

a  H.  H.  Wadsworth,  Af.  Am.  Soc,  loc.  cit.,  p.  270. 

3  Charles  Derleth,  loc.  cU.^  pp.  311-15. 

4  John  D.  (ialloway,  M.  Am.  Soc.  C.  E.,  loc.  cit..  Pis.  57,  58.  From  a  personal 
letter  from  Mr.  (ialloway  it  is  learne<l  that  Alder  Creek  enters  the  ocean  some  twenty 
miles  north  of  Point  Arena.  The  Gualala  River  is  a  mountain  stream  which  enters  the 
ocean  al)out  the  same  distance  south  of  Point  Arena.  The  Gualala  bridge,  which  was 
built  some  ten  years  ago,  gave  trouble  from  the  fact  that  the  ground  beneath  the  piers 
showed  a  tendency  to  slide  so  that  it  was  necessary  to  put  the  bridge  up  upon  a  false 
work  and  realign  the  piers. 
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by  Fuller's  account  of  the  Jamaican  earthquake  of  January  14,  1907.' 
A  cement  culvert  at  the  mouth  of  a  stream  was  buckled  up  and 
broken  through  the  movement  of  its  walls  toward  the  center  of  the 
valley  (see  Fig.  4,  D). 

It  is  believed  that  the  above  data  are  sufficiently  full  and  decisive 
to  warrant  the  conclusion  that  during  a  destructive  earthquake  the 
banks  of  valleys  generally  draw  together  so  as  to  shorten  the  inter- 
vening distance.  The  examples  of  deformed  bridges  which  have 
been  offered  in  evidence,  have  not  been  selected  for  the  pmpose  of 
proving  a  point,  but  include  all  which  have  come  to  the  writer's  atten- 
tion. The  unique  exception  to  the  law  which  otherwise  controls,  is 
furnished  by  the  railway  bridge  over  the  Pajaro  River  damaged  during 
the  California  earthquake  of  1906;  and,  inasmuch  as  this  bridge  lies 
across  the  rift  line  at  an  acute  angle  it  seems  likely  that  special  shear- 
ing movements  along  the  rift  plane  have  here  been  of  larger  measure 
than  the  normal  contraction  of  the  valley. 

It  appears,  further,  to  be  a  fact  of  general  observation,  that  a 
fissure  or  series  of  parallel  fissures  open  during  earthquakes  along  the 
banks  of  rivers  parallel  to  their  courses  (see  Fig.  i,C).  According  to 
Milne'  within  the  Aichi  prefecture  in  Japan,  after  the  earthquake  of 
1891,  more  than  four  hundred  miles  of  river  banks,  water  trenches, 
and  roads  were  found  destroyed  through  action  of  this  kind.  On 
river  banks  the  fissured  zone  and  hummocky  ground  looked  as  though 
gigantic  plows  had  torn  out  furrows  several  feet  in  width  and  some- 
times as  much  as  twenty  feet  in  depth,  and  this  character  of  the 
surface  extended  from  ten  to  fifty  yards  from  the  river.  Such  struc- 
tures can  be  only  in  part  explained  through  the  shaking  down  of  loose 
material  such  as  is  found  in  a  railway  embankment  on  which  the  tracks 
approach  bridges,  for  the  reason  that  such  mere  removal  of  support  to 
rails  should  give  the  effect  of  tension  rather  than  compression. 

Thomas  Oldham,  who  first  seriously  studied  the  fissured  river 
banks  in  connection  with  the  Cachar  (Indian)  earthquake  of  January 
10,  1869,3  went  out  from  the  conception  of  an  earthquake  centrum 

»  M.  L.  Fuller,  "Notes  on  the  Jamaica  Earthquake,"  Jour,  GeoL,  Vol.  XV,  1907, 
pp.  718,  719. 

3  John  Milne,  Seismology,  p.  148. 

3  Quart.  Jour.  Geol  Soc.  Lond.,  Vol.  XXVIII  (1872),  p.  255.  See  also  Mem. 
Geol.  Surv.  India,  Vol.  XIX.  Pt.  i,  pp.  52-56,  PI.  vi. 
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explained  the  cracks  as  due  to  earth  waves,  and  assumed  that  a 
single  crack,  if  one  only  was  formed,  opened  just  a  half-wave-length 
back  from  the  river's  edge  on  either  side. 

When  we  take  into  account  the  observed  effect  of  the  earth  move- 
ments upon  bridges,  it  is  clear  that  something  quite  different  from  the 
mere  passage  of  an  earth  wave  must  be  invoked  in  order  to  explain 
these  geological  changes.  Not  only  is  the  space  between  valley  walls 
in  part  closed  up,  but  for  a  considerable  distance  back  from  the 
banks  the  bridge  approaches  show  the  effect  of  compression  (see 
especially  Fig.  1,-4).  The  piers  of  the  bridge  which  rest  upon  the 
stream  bed  also  suffer  changes  not  explainable,  upon  Oldham's 
theory  (see  Fig.  3,  A  and  B).  Whether  occupied  by  streams  or  not 
(see  Fig.  3,  J3)  it  seems  to  be  clear  that  the  vicinity  of  valleys  is  marked 
by  imusual  surface  compression  in  a  direction  at  right  angles  to  the 
valleys. 

It  is  perhaps  unnecessary  to  here  bring  forward  the  evidence 
obtained  from  observations  of  a  different  kind  that  local  compression 
of  the  groimd  actually  occurs  during  earthquakes.  On  the  one 
hand,  there  are  the  continuous  stone  curbings  and  buried  metaJ  pipes 
which  are  fou^d  buckled  up  from  the  surface  of  the  groimd;  and  on 
the  other,  there  are  the  many  variations  in  the  longitudinal  shear 
along  fault  lines  which  must  be  accounted  for  either  through  differ- 
ential contraction,  expansion,  or  both.'  On  the  Baishiko  fault 
opened  in  Formosa  on  March  17,  1906,  a  change  in  the  direction  of 
the  longitudinal  shear  between  two  stations  less  than  three-fourths  of 
a  mile  apart,  indicated  a  change  in  linear  distance  between  the  two 
points  before  equally  distant  of  about  fourteen  feet.' 

That  the  changes  of  superficies  to  which  we  have  called  attention 
are  wholly  restricted  to  the  mantle  of  unconsolidated  rock  material  is 
most  improbable;  though,  as  we  shall  see,  there  is  reason  for  sup- 
posing that  it  is  locally  much  larger  within  the  mantle  than  within  the 
underlsring  rock.  To  account  for  an  extension  of  surface  of  any  por- 
tion of  the  consolidated  outer  shell  of  the  lithosphere,  it  is  only  neces- 
sary to  assume  a  very  slight  increase  of  each  of  the  joint  spaces 
present  within  the  rock.    A  contraction  of  the  surface  area  may, 

«  For  examples  see  the  author's  EarthquakeSf  pp.  62,  66,  73-75,  228-31. 
«  Omori,  Bull.  E,  I.  C,  Vol.  I,  No.  2,  PI.  xvii. 
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perhaps,  likewise  be  best  explained  through  a  change,  and  here  a 
reduction  in  width,  <A  individual  jcnnt  spaces.  To  this  change  may 
be  added  the  effect  of  some  actual  compression  of  the  imfractured 
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Fig.  7. — Diagram  to  illustrate  the  narrowing  of  valle3rs  during  earthquakes  as  a 
result  of  crustal  contraction^  {A)  before  contraction;  (3)  after  contraction. 

portions  of  the  shelL  In  Fig.  7  let  il  represent  in  its  lower  portion  a 
section  of  the  outermost  consolidated  shf  11  of  the  lithosphere,  and  in 
its  upper  portion  the  mantle  of  unconsoli''''**'^!  de*  ^sits  in  which  the 
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Fig.  8. — Diagram  to  illustrate  the  pushing  up  of  the  beds  of  rivers  during  earth- 
quakes as  a  consequence  of  crustal  contraction,  (^4)  before  contraction;  (5)  after 
contraction. 

valleys  have  been  cut.  As  the  compression  of  the  shell  reduces  the 
width  of  the  joint  spaces  and  otherwise  diminishes  the  superficies 
of  the  shell,  its  envelop  of  loose  material  by  reason  of  its  lack  of 
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rigidity  is  incompetent  to  transmit  the  same  stresses,  and  hence  tends 
to  remain  in  skUus  quo.  In  the  mantle  a  slip  over  the  basement 
floor  of  rock  will  take  the  place  of  a  more  imiformly  distributed  ad- 
justment within  the  floor.  The  valleys  which  intersect  the  mantle, 
must,  in  consequence,  reveal  an  amount  of  crustal  contraction  far  in 
excess  of  the  average  for  the  district  (see  Fig.  7,  B). 

Wherever  rock  valleys  interrupt  the  surface  of  the  shell  beneath  a 
newer  valley  in  the  mantle  of  loose  soil  (see  Fig.  8,  ^4),  that  portion  of 
the  shell  which  lies  outside  the  level  of  the  bottom  of  the  rock  valley, 
will  by  reason  of  the  breaks  in  its  continuity  be  less  capable  of  trans- 
mitting the  compressive  stresses.  This  may  otherwise  be  expressed 
by  saying  that  this  outer  layer  is  not  fully  included  in  the  pinch  to 
which  the  layer  immediately  below  it  is  subjected.  A  consequent 
reduction  of  its  competency  to  transmit  the  earth's  stresses  will  be 
greatest  for  the  immediate  vicinity  of  the  valleys,  and  hence  the  joints 
will  there  be  closed  by  a  portion  only  of  the  average  amount.  The 
walls  of  the  rock  valley  must  therefore  tend  to  approach  with  the  result 
that  they  will  push  up  the  center  of  the  river  bed  into  a  definite  ridge, 
and  further  give  the  effect  ol  a  settlement  at  the  banks  where  abut- 
ments are  placed  (see  Fif^'^v,  B).  Next  to  the  narrowing  of  the  dis- 
tance between  banks  >*  '  nhe  accompanying  parallel  fissuring,  these 
changes  are,  as  we  1  ^  :>6en,  the  ones  most  frequently  observed  along 
rivers  after  a  dest?    |tive  earthquake. 

Universfty  or  Michigan 
May  3,  X908. 


THE  DEVELOPMENT  OF  A  CARBONIFEROUS  BRACfflO- 
POD,  CHONETES  GRANULIFER  OWEN 


F.  C.  GREENE 


INTRODUCTION 

Through  the  kindness  of  Professor  J.  W.  Beede  the  writer  had 
placed  at  his  disposal  for  study  a  large  collection  of  Chonetes  granu- 
lijer,  the  adults  alone  probably  numbering  two  thousand  specimens. 
The  majority  of  these  specimens  are  finely  preserved  and  this  together 
with  the  great  range  in  their  size,  gives  an  excellent  opportunity  for 
a  study  of  the  development  of  the  species. 

Chonetes  granulijer  has  been  found  in  the  following  horizons 
arranged  in  descending  order: 

Permian  Series ]  w  ^"^r'^'T''''- 

\  Wreford  limestone. 

'  Neosho  shale. 

Florena  shale. 

Cottonwood  limestone. 

Eskridge  shale. 

Neva  limestone. 

Elmdale  formation. 
I  Americus  limestone. 

Emporia  limestone. 
Pennsylvanian  Series /  Burlingame  shale. 

Howard  limestone. 

Severy  shale. 
'  Topeka  limestone. 

Deer  Creek  limestone. 

Lecompton  limestone. 

Oread  limestone. 

Kickapoo  limestone. 

Stanton  limestone. 

First  will  be  taken  up  a  study  of  the  form  from  the  Florena  shales 
at  Florena  and  Grand  Summit,  from  which  a  complete  series  was 
obtained,  and  then  a  study  of  the  development  based  on  this  series. 
This  study  has  been  under  the  direction  of  Professors  E.  R.  Cumings 
and  J.  W.  Beede  of  Indiana  University,  and  the  author  wishes  to 
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express  his  deep  gratitude  for  their  aid  and  assistance.    The  photo- 
graphs for  the  plates  were  also  made  by  Professor  Cumings. 

Owen's  type  specimen  of  C.  grantdijer  came  from  the  Carbon- 
iferous limestone,  near  the  mouth  of  Keg  Creek,  lowa.^  This  locality 
has  never  been  definitely  correlated  with  the  Kansas  section,  but  as 
near  as  can  be  made  out  from  Meek's  discussion  of  the  rocks  of  the 
Missouri  River  section*  and  Owen's  description^  of  the  locality  from 
which  the  type  specimens  were  taken,  as  correlated  by  Beede  and 
Prosser,-*  it  appears  to  come  from  some  horizon  between  the  Topeka 
and  the  Tecumseh  limestones,  probably  nearer  the  Deer  Creek  lime- 
stone than  any  other.  The  material  which  the  writer  used,  contained 
specimens  covering  practically  the  entire  range  of  the  species, 
including  the  equivalent  of  the  horizon  from  which  the  types  were 
taken. 

SPECIFIC  CHARACTERS 

Mature  form. — Shell  semi-circular  in  outline,  having  the  greatest 
breadth  at  the  hinge-line,  with  cardinal  angles  somewhat  attenuate. 
The  size  of  the  shell  varies  greatly.  Size  of  largest  specimen,  ^^  mm 
in  width  by  19  mm  in  length.  Average  size  of  adult,  28  mm  in  width 
by  15  mm  in  length.  The  shape  also  varies  in  that  the  cardinal 
angles  of  some  specimens  are  much  more  mucronate  than  in  others 
(Plate  I)  and  in  some  specimens  there  is  a  tendency  to  develop  a 
mesial  sinus  in  the  ventral  valve.  Both  of  these  characters  are  seen 
in  Plate  I,  rows  3,  4. 

Dorsal  valve. — ^In  the  Grand  Summit  specimens  (the  most  per- 
fectly preserved  in  the  lot)  the  dorsal  valve  is  concave  to  the  extent  of 
two  or  three  mm.  This  valve  is  ornamented  with  radiating  striae  and 
concentric  lines  of  growth  around  the  margin.  The  striae  number 
about  fifty  near  the  beak  but  at  the  frontal  margin  increase  to  about 
one  hundred  and  fifty  by  implantation.  The  shell  is  punctate  in  the 
furrows  between  the  striae.    The  striae  become  obscure  on  approach - 

I  Owen,  Geol.  Rep,  Wis.,  Iowa,  and  Minn.,  p.  583. 
»  Meek,  U.  S,  Geol.  Surv.  Nebr. 
3  Owen,  Geol.  Rei*,  Wis.,  Iowa,  and  Minn. 

4Prosscr,  "Comparison  of  the  Carb.  and  Penn.  Form,  of  Neb.  anr'  Kans.," 
Jour,  Geol.,  Vol.  V,  pp.  1-16,  148-72. 
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-14  --I"   •  ^  •*:  -1=11.     " — t-±ii±i7   -zii-iT  ±je  beak,  this  Tihre  is  at 
ZTr"  ::c  :.i-  1 -z  zrri'Zds:^  TiccL'^t  iiTiiisr  :«zcsanL 

"?'«^—  T  i-T-f . — Til  rrcTtiirj  :c  ihii  -nh'c  exceeds  the  aaavitr 
;:  --It  jirsj-  •:.- :  ::  1  -^  ir^x:  rxs::  in  soce spedmcns.  Inocher 
r-:r-r_:ijir^  -.^-^  lt i  ::Ii:-»"f  "^j*  ^rsil  Tirnt  doech-.  The  sftne  of 
1=-.-  -«--t  ij-:  ^~  •'  ::  iii:ac  :£  :b=  3:csaL  Sheil  pvnctate  m  ihe 
r.rr:  vj.  >.t-v —-  \2r.  ?cr-Lt-  Wr^i  aic**^  ^  ^  l«gc  p™i'**»  irc 
iCj^.zTri  :  rr  He  ^^.2ct  ic  iilf  Til-T^^.  Tbcsc  siv  E^itcr  m  color 
*_:iii  ■_:-  r-.Tf::  ::  —-z  r^^hz^  izsi  in*  lirze^c  u  ifae  ^wt-g^^-  mngizi, 
£r:-^-Li:   ?="-Ll'tr  izii   =j:rt  -^icklj  f*£t  :ovard   the  beak.     They 

Tii  "trii  ;r:;e-^  ^-^-7  -"'^^  — *  ringe-Bnr,  Canfiul  area 
j:  u:  iZ'L  zirr:- .  j;c-p=r  -Jllz  ±ir  p^aiesc  vkhh  of  die  AA  fntfaer 
:;r-ir:  I:  l.<  i:  1:1  ijii.:  ::\>5- :c  ±!e  pjueof  ifaesfadl  (Phtell, 
Fj:.  ::  : :  — ■:  :i  — L-Ji  brrliLCuI  scriAe:  the  greater  pait  of  the 
irti  .j    -  :ii  '-zzril  '•  ilvt.     P-e  bin^c  areas  of  the  two  Tdves  fenn 

7-  :  :  LL:.>r  ::  :i-.  ziriLzil  -.r:cti&  of  ±e  opposite  vmkv  partiaDy 
:'.  :>;-.-..  ■ .  -  -  r.  _-  T".-  -.  >_lr  jt::  iTti  cf  :bi5  valine  is  bordered  by  a 
:."     rM   .-  •  .-?;.  .r.-:s  :- lijh  >:ie  of  the  beak,  growing  larger 

: .    :- .  :  - :  :_:.-_  -  r.r.r-iv^-.^.     Tri?  ".  jlve  if  :he  larger  of  the  two 

.      -    ■  •  :    : : .:      7.2::  11.  "r^s  j:.  4  . — Convex.     Hinge- 

Lr..  r.:..  ,-.  7-.  :i.ri--i!  :r.>:-:ii  i>  rinc.  stands  at  an  angle  of 
:::-..-.  .-z.  :  :.- r  •- il'.  i  ijii  15  cr.e  nilllin:e:er  in  length.  On 
:- .  .-.-i'  -:  1.  .:  :->  • :..- ^5  15  1  y.z  -^hfch  corresponds  to  the  con- 
■•  .:i:  ;~,r.:..r.v:  ■_-■  Iz  ::;-:  ::  :he  r^ik  on  :he  exterior  of  the  dorsal 
■•  i!  .  7:--.  :-.:  ii-.  ::  :-e  ciriina:  rnxess  five  septal  ridges 
::-. :..:..  I"  . :  :...  v.  -  i^r  f.rvird  a:  in  angle  of  25^  or  50^  to  the 
■-:.-,--■-...  7.:.;  j.1-  .:-'.:-.  ':\ick  of  the  cardinal  process  to  form 
1  .."'.:  ■_;        .:  -  .-  :  r..:-.??.     Ju?:  back  and  above  them  are  the  two 

Tv  •  -  -  ; ::  .:a;  .:-.:  ::l  i  155  forv  iri  from  the  edge  of  the  pit  at  an 
ir./..  •: :  7- -  -  ■■  -  :;: :  hir.z:-'.:'..  The  fifth  ridge  is  the  mesial  septum. 
I:  :?  ti*.  r.S'.  \r.S.'.^  ::  :he  hin^r-Iine  and  extends  forward  half  the 

Ivr.r.'i  •- :  .:. .  -h'.!i.   W::.:  :h-  ciher  four  iepta  It  forms  the boundariesof 
:.--  ; ::.     T'r.[-  : ::  v.a?  r.rcb^bly  forntcJ  at  a  ver}-  young  stage,  and 
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therefore  the  septa  do  not  extend  to  the  cardinal  process  as  in  some  of 
the  Productidae.  The  scars  of  the  adductor  muscles  lie  on  each  side 
of  the  mesial  septmn,  extending  over  the  next  ridge.  The  brachial 
markings,  shown  on  a  few  specimens  of  this  valve,  are  somewhat 
obscure,  and  reniform  in  shape,  pointed  at  the  front.  They  lie  on 
each  side  of  the  mesial  septum,  just  within  the  row  of  granules  marking 
the  limits  of  the  visceral  cavity. 

This  valve  is  ornamented  with  granules  (from  which  the  species 
derives  its  name  of  granulifer) .  These  are  largest  and  most  numerous 
at  the  forward  edge  of  the  visceral  cavity,  and  the  mesial  sinus, 
growing  fainter  and  more  thinly  scattered  posterially.  At  the  anterior 
margin  they  also  grow  fainter  until  they  form  distinct  radiating  rows. 

Interior  of  ventral  valve. — Very  concave.  Granules  similar  to 
those  of  dorsal  valve,  except  that  instead  of  having  a  group  of  granules 
on  the  anterior  end  of  the  mesial  septum,  they  are  arranged  along  its 
sides  and  help  to  form  the  partition  between  the  long,  median  adduc- 
tor muscle  scars  and  the  subovate  diductor  muscle  scars.  Hinge-line 
straight,  with  the  exception  of  the  delthyriimi.  There  are  two  teeth 
on  each  side  of  this  opening.    The  deltidium  extends  to  the  beak. 

Nepionic  jorm — dorsal  valve. — ^Length  i  mm  and  breadth  i  nun. 
Longitudinally  semi-elliptical  in  shape;  concavity  greater  than  in 
mature  form  in  proportion  to  the  size.  The  convexity  mentioned 
as  being  opposite  the  beak  near  the  hinge  on  the  dorsal  valve  of  the 
mature  form,  is  the  most  prominent  feature  of  this  valve  of  the  incipient 
form.  Here  it  nearly  equals  the  length  of  the  shell  and  is  more 
elongate  than  in  the  adult.    Surface  without  striae. 

Nepionic  jorm — ventral  valve. — This  valve  is  also  without  striae. 
On  each  extremity  of  the  hinge-line  is  a  spine  pointed  laterally  and 
posteriorly.  The  ventral  mesial  sinus  is  a  regular  feature  of  this 
valve.  A  sharply  outlined  pit  also  occurs  regularly  on  this  valve 
just  anterior  to  the  beak. 

DEVELOPMENTAL  CHANGES 

The  change  in  shape  may  be  seen  from  the  following  table  of 
the  measiurements  of  a  series  of  specimens  (not  the  series  shown  in 
Plate  I). 


z*  ^  ^   mmX  3-5   mm 

3C  6.0   mmX  3.5   mm 

5c.  6-5   minX  3*5  mm 

:i.  6.S   mmX  3.9   mm 

52.  73   mmX  4.0  mm 

:;  So   mraX  4.0  mm 

34  9-5   mmX  5.5   mm 

55  xc.25iiiraX  5.5  mm 

56.  XX. o   mraX  6.0  ram 

57.  XX. o  mmX  6.5  mm 
:S.  13. o  mmX  7-0  mm 
59  X3.25iiiraX  7.5   ram 

40.  X6.5   mmX  8.0  mm 

41.  16.25  mmX  8.5  mm 
:r  2  :  -.t.  *  :  :f  =1=:  42.  X8.5  imnX  9.5  mm 
zi  2  :rr-_T: y:  s  ——  43.  19.0  mmX  9.5  mm 
r;  2  •  .r.-  '  :  75  zi.-n  44.  21.0  mmX  9.5  ram 
I*  -.  z  ZT.Z7.  '  2  z  n.Ti  45.  20.5  mmXio.5  mm 
r^  :  2zrr.ny2  25  nrr.  46.  2X.o  imnXio.5  mm 
2Z  ;  5  -n '2  25  .T.r=  47.  22.0  mmXix.5  mm 
2:  4  -  .T.:r..''2  .1  .-n.-:  48.  23.5  mmXxa.o  ram 
22  :  'y  n-r.  •  2  -  rr.r:  49.  24.5  mmXxj.o  mm 
2;  :  .  rr.rr.  •  2  "  rr.r:  50.  28.0  mmXi3.o  mm 
2;  :  -  rr.r:.  •  2  5  .t.t.  51.  24.0  mmXx4.o  mm 
2r  _:  ;r  :;  r.  ''2  :.  -.rr.  ^2,  30.0  mmXi5.o  mm 
iC        ^  '^    ::..r.  •  2    ,    .-r.T.                              53.  33.0   mmXi9.o   mm 


I  'ruU'il  I  'ill '  Plitt  I  . — ^Thc  mesial  sinus  in  the  youngest  specimen 
i-  a  (\ri:\).  njirro.v  .groove  near  the  beak.  This  occurs  regularly  up  to 
rhf;  i6th  -;/<f  imL-n.  ihat  is,  one  about  1.6  mmXi.2  mm  in  size,  after 
v.hir;h  ii  or xur-  only  at  irregular  intervals.  From  the  youngest  up,  it 
movr>  for-vvard  so  that  in  the  older  specimens  it  is  seen  on  the  anterior 
marL'in.  Tlur  -iriau  api^ar  distinctly  for  the  first  time  on  the  fifteenth 
sf;((jmfn  (^v/M  i/j  mmXi.i  mm;.  On  the  youngest  specimens  there 
an-  two  cardinal  sf;ines  CPlate  IV,  Figs.  1-3,  6-8)  one  on  each  side 
<;f  the  l)«ak.  'riu'M.'  are  located  on  the  extremity  of  the  hinge-line 
in  tin-  yoiin^t^t  specimen,  but  as  the  hinge-line  becomes  longer,  the 
spirus  an:  added  successively  at  the  extremities.  No.  15  in  this  series 
.shows  ihc  first  traces  of  an  additional  spine,  the  new  spine  appearing, 
of  course,  hciwcm  the  original  spine  and  the  lateral  margin.     The 
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number  of  spines  increases  about  every  eighth  or  ninth  specimen, 
until  it  reaches  the  maximum  of  eleven  on  one  side  of  the  beak,  or 
twenty-two  on  the  entire  hinge-line,  which  was  the  largest  number 
noticed. 

The  shape  of  the  youngest  specimen  is  nearly  square,  while  in  the 
oldest  the  breadth  is  nearly  twice  the  length.  As  will  be  seen  by  the 
above  table  of  nieasurements,  this  change  from  one  to  the  other  is 
somewhat  irregular. 

The  angle  formed  by  the  hinge-line  and  the  sides  of  the  shell 
gradually  changes  from  an  angle  of  90°  to  a  more  and  more  acute 
angle,  although,  as  has  been  pointed  out  before,  the  angle  varies 
greatly  in  the  adult  (Plate  I). 

Dorsal  valve. — The  striae  do  not  appear  distinctly  on  this  valve 
imtil  the  twenty-fifth  specimen,  (4.3  nmiX2.5  mm)  but  this  is 
probably  due  to  the  fact  that  some  of  the  earlier  stages  have  been 
omitted  from  this  series,  and  that  some  are  incrusted  in  the  concavity 
or  water-worn,  which  renders  the  striae  invisible  in  them. 

The  most  notable  thing  about  the  developmental  changes  in  this 
valve  concerns  the  small  convexity  mentioned  in  the  description  of 
the  incipient  form.  In  the  smallest  specimen  this  occupies  one-half 
the  space  of  this  valve  and  extends  from  the  hinge-line  forward 
three-quarters  of  the  length  of  the  shell.  In  the  twenty-eighth 
specimen  it  is  crowded  well  up  under  the  hinge-line  and  is  so  small  in 
comparison  to  the  size  of  the  shell,  that  it  is  hardly  distinguishable. 
In  the  oldest  forms,  it  is  so  close  up  imder  the  hinge-line  as  to  be 
entirely  obscured. 

Interior  of  dorsal  valve. — ^In  the  interior  of  this  valve,  the  granules 
in  the  visceral  cavity  continually  become  fewer  as  the  specimens 
become  larger  after  the  beginning  of  the  ephibic  stage.  The  muscu- 
lar and  brachial  markings  also  become  stronger  as  the  size  increases. 

DEVELOPMENT 

As  a  complete  series  was  obtained  from  the  Florena  shales  at 
Florena  and  Grand  Summit,  this  is  used  as  a  basis  of  comparison. 
A  complete  series  might  have  been  obtained  from  Florena  alone,  but 
as  the  adults  were  compressed,  Grand  Summit  specimens  were 
substituted  for  them. 
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STAGES  IN  DEVELOPMENT 


As  in  any  series,  the  division  into  stages  is  more  or  less  arbitrary, 
but  there  are  several  factors  which  determine  approxiniately  the 
different  stages.  In  the  series  of  ventral  valves  (Plate  I,  rows  i  and 
2)  it  will  be  seen  that  all  stages  prior  to  specimen  14  (point  A  in  the 
plate)  are  not  marked  with  striae  and  have  only  the  one  spine  (Plate 
IV,  1-3,  6-8)  while  beyond  this  point  the  striae  appear  and  increase 
in  number  regularly  (Plate  IV,  fig.  5).  This  point  is  taken  to  mark 
the  end  of  the  nepionic  and  the  beginning  of  the  neanic  stage.  The 
latter  stage  continues  until  the  shell  takes  on  its  aduk  characters, 
such  as  the  number  and  strength  of  the  striae,  the  shape  of  the  cardinal 
angles,  a  widening  of  the  hinge  area  causing  the  beak  to  project  and 
the  hinge  to  appear  bent.  The  point  B  about  marks  this  diiosion 
although  it  cannot  be  drawn  with  the  same  preciaon  as  the  division 
between  the  first  two  stages. 

The  last  two  (and  largest)  specimens  in  the  series  represent  the 
old  age  or  gerontic  stage.  The  intervening  specimens  represent  the 
adult  or  ephibic  stage. 

Another  series  is  made  to  show  further  the  last  two  stages.  This 
is  the  series  of  specimens  of  the  interior  of  the  dorsal  valve  (Plate  II, 
rows  3  and  4).  Here  the  last  specimen  represents  the  gerontic  stage. 
This  shows  (i)  a  great  thickening  of  the  shell;  (2)  prominence  of  the 
muscular  and  brachial  markings;  (3)  greater  length  of  hinge-line; 
(4)  a  lesser  number  of  granules  within  the  \isceral  cavity.  These 
characters  in  this  brachiopod  are  indications  of  old  age. 

COMPARISON   OF  THIS   SERIES  WITH  SPECIMENS  OF  THE  GENUS 
cnOXETESj   OLDER  AND  YOUNGER  GEOLOGICALLY 

It  will  be  noted  from  the  measurements  discussed  under  "  Devel- 
opmental Changes,"  that  the  length  and  breadth  of  the  shell  of 
the  nej)ionic  stage  are  about  equal.  This  is  true  of  practically  aU 
the  Silurian  and  early  Devonian  species  of  Chonetes  in  tJie  aduU  stcges. 

The  acceleration  in  the  development  of  this  species  is  illustrated 
by  the  appearance  of  a  pair  of  spines  in  the  nepionic  stage  in  specimens 
less  tlian  i  mm  in  diameter  instead  of  in  the  neanic  stage  as  in 
C  scituluSf  where  tliey  first  appear  on  specimens  about  2  mm  in 
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diameter/  In  C  granulifer  the  youngest  form  obtainable  has  the 
spines  on  the  extreme  outer  edge  of  the  hinge-line. 

As  mentioned  imder  the  description  of  the  Specific  Characters  in 
the  incipient  form  of  this  shell,  there  is  a  deep  pit  or  sinus  just  in 
front  of  the  beak  on  the  ventral  side,  and  a  corresponding  convexity 
just  in  front  of  the  hinge-line  on  the  dorsal  side.  This  would  be  an 
indication  of  an  early  species  with  these  characters  and  also  the  two 
preceding.  This  form  is  found  in  the  species  Chonetes  Upidus  from 
the  Marcellus  shale*  which  represents  the  probable  type  of  shell  from 
which  C.  granulifer  is  descended. 

The  figure,^  which  is  a  ventral  view,  shows  a  deep  sinus  and  in  the 
description,  it  is  stated  that  the  dorsal  side  follows  the  curves  of  the 
ventral.  It  will  be  noted  that  C.  lepidus  is  a  striated  species,  while  the 
nepionic  stage  of  C.  granulifer  is  glabrous.  This  has  little  bearing, 
as  it  is  a  general  characteristic  of  the  incipient  shells  of  brachiopods 
to  be  glabrous. 

Ephibic  stage. — ^Following  the  laws  of  development,  we  could 
assume  the  great  bulk  of  adults  of  C.  granulifer  in  the  upper  Car- 
boniferous of  Kansas  and  below  the  Florena  members  of  the  Garrison 
formation  to  be  like  the  ephibic  stage  in  the  Florena — Grand  Summit 
series,  and  upon  investigation,  this  proves  to  be  the  case,  while  above 
and  below  these  limits,  they  should  be  more  like  the  gerontic  and  late 
neanic  stages  respectively.    This  holds  true  in  nearly  every  instance. 

As  was  stated  in  the  introduction,  the  type  specimens  probably 
came  from  a  horizon  between  the  Topeka  and  Tecumseh  limestones. 
Specimens  from  these  horizons  correspond  with  the  typical  ephibic 
form,  so  that  the  type  specimens  represent  just  about  the  normal 
form  of  the  species. 

We  find  Norwood  and  Pratten's  species,  C.  smithiiy*  that  of  Meek 
and  Worthen,*  and  that  of  Hall  and  Clark^  to  be  a  short-eared  form 

>  Rajnnond,  The  Developmental  Change  in  Some  Common  Devonian  Brachiopods, 
Vol.  XVII,  pp.  277-300.     Pis.  XII-XVIII. 

»  Hall,  Pal  N.  Y.,  IV,  Pt.  i,  pp.  13a  and  142,  PI.  XXII,  Fig.  12. 

3  Ibid, 

4  Norwood  and  Pratten,  Jot4r.  Acad.  Nai.  Sd,  Phil.  (2),  Vol.  Ill,  p.  24,  PI.  IT, 
Figs.  2a-c. 

s  Meek  and  Worthen,  Geol.  Surv.  Illinois,  Vol.  V,  1873,  p.  570,  PI.  XXV,  Fig.  11. 
6  Hall  and  Clark,  Pal.  N.  Y.,  VIII,  Pt.  i,  1892,  XV  B,  Fig.  12. 
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with  a  relatively  short  hinge-line  and  the  shell  longer  and  narrower 
than  the  adult  of  C  granulifer  from  Grand  Summit,  and  it  is  found 
that  all  these  come  from  a  much  lower  horizon.  Thus  it  will  be  seen 
that  they  correspond  to  the  early  ephibic  stage  of  our  series.  This 
throws  them  into  the  species  C.  granulifer  as  already  done  by  Schu- 
chert  and  Weller. 

Gerontic  stage. — In  the  case  of  the  gerontic  form  we  find  the  same 
thing  to  be  true.  Meek  and  Hayden*  finding  a  form  with  mucronate 
cardinal  angles,  longer  hinge-line,  much  thicker  valves,  and,  as  they 
say,  '*  the  area  of  its  smaller  valve  ranges  more  nearly  at  right  angles  to 
the  plane  of  the  shell,  than  in  the  Illinois  species"*  (C  smithii),  they 
called  it  a  new  species,  although  they  suspected  it  of  being  allied  to, 
or  possibly  the  same  species  as,  C.  smithii.  The  above  characters  are 
found  in  the  gerontic  stage  of  the  Grand  Summit  specimens,  and 
Meek  and  Hayden's  material  was  from  a  higher  horizon  than  the 
Florena  shales.  The  fact  that  the  area  of  its  smaller  valve  ranges 
more  nearly  at  right  angles  to  the  plane  of  the  shell  than  in  the  Illinois 
species,  is  due  directly  to  the  fact  that  it  is  a  gerontic  form.  One  of 
the  characleristics  of  this  stage  is  the  thickening  of  the  shell,  especially 
in  the  pedicle  valve,  material  being  added  to  the  inner  surface  of  the 
shell.  To  compensale  for  this,  and  keep  the  visceral  canty  its  normal 
size,  shell  material  is  added  at  the  hinge-line,  which  thickens  the 
cardinal  area  of  the  pedicle  valve  and  forces  the  pedicle  valve  back, 
making  the  hinge-line  of  this  valve  more  nearly  at  right  angles  to  that 
of  the  brachial  valve  (Plate  II,  Fig.  12-13). 

In  Prosser's  collection  from  the  Neosho  (the  next  horizon  above 
the  Florena)  near  Strong,  Kansas,  the  majority  of  the  specimens 
exhibit  a  form  remarkably  like  the  gerontic  stage  in  the  Grand  Summit 
series. 

A  collection  from  the  Oread  limestone  at  University  Hill,  Law- 
rence, Kans.,  made  by  Mr.  Chas.  D.  Ise,  bears  out  the  foregoing 
conclusions  to  a  remarkable  degree.  The  figures  (Plate  III,  Figs. 
14-17)  show  a  form  identical  in  shape  with  the  early  ephibic  stage  in 
the  series.  The  hinge-line  is  short  and  the  cardinal  angle  is  nearly  or 
quite  90°.     There  is  a  tc  nd(  ncy  in  many  of  the  specimens  to  develop 

'  Meek  and  HayHen,  Pnl.  f  p.  M^k,  p.  22,  PI.  I,  Fig.  5  a-€. 
a  Ibid. 
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a  comparatively  deep  sinus.  In  the  interior  of  the  dorsal  valve,  the 
granules  are  arranged  around  the  margin  of  the  visceral  cavity  alone. 
The  septa  are  very  weak  when  compared  to  the  later  forms. 

In  the  Permian  rocks  (Ft.  Riley  limestone)  we  find  that  the 
species  has  reverted.  This  form  is  much  smaller,  has  many  granules 
on  the  interior,  brachial  and  muscle  markings  weak,  is  thin  shelled  and 
approaches  very  nearly  in  shape  to  the  nepionic  stage  of  C.  granulifer 
and  therefore  the  earlier  species  of  the  genus.  So  far  as  is  known, 
this  is  the  last  of  the  species  of  Chonetes  in  the  Mississippi  basin 
(Plate  III,  Figs.  1-3). 

CONCLUSION 

The  writer  has  endeavored  to  show  that,  by  taking  as  a  basis  a 
series  of  Chonetes  from  the  horizon  of  the  Upper  Carboniferous, 
forms  corresponding  to  the  different  stages  may  be  found  in  the 
rocks  above  and  below  this.  Thus  the  nepionic  stage  represents 
species  from  the  Silurian  and  Devonian ;  the  neanic  and  early  ephibic 
species  from  the  Carboniferous;  and  the  later  ephibic  and  gerontic 
species  from  the  Upper  Carboniferous,  while  the  Permian  or  last  form 
reverts  back  again  in  form  to  the  early  species. 

EXPLANATION  OF  PLATES 

Plate  I. — Series  showing  ventral  view,  Florena  shales,  at  Florena  and  Grand 
Summit. 

Plate  IL — Rows  i,  2,  Series  showing  dorsal  view,  Florena  shales,  at  Florena; 
cross-section  of  Grand  Summit  specimen;  cross-section  of  Prosscr*s  Neosha 
specimen.    Rows  3,  4,  Interior  of  dorsal  valves,  Florena  shales  at  Florena. 

Plate  III. — i,  Ft.  Riley  Limestone;  2,  Ft.  Riley  Limestone;  3,  Ft.  Riley 
Limestone;  4,  Ft.  Riley,  No.  10,  top  of  Neosho;  5,  Neosho,  Prosser's  Collection; 
6,  Neosho,  Prosser*s  Collection;  7,  Neosho,  Prosser's  Collection;  8,  No.  6  Crusher 
Hill,  bottom  of  Neosho;  9,  Florena  at  Grand  Summit;  10,  Florena  at  Grand 
Summit;  11,  Florena,  Ulrich's  Quarries  near  Manhatten,  Kan.;  12,  Topeka, 
at  Topeka;  13,  Topeka,  at  Topeka;  14,  Oread,  University  Hill,  Lawrence,  Kan.; 
15,  Oread,  University  Hill,  Lawrence,  Kan.;  16,  Oread,  University  Hill,  Law- 
rence Kan.;   17,  Oread,  University  Hill,  Lawrence,  Kan. 

Plate  IV. — i,  2,  3,  5,  6,  7, 8,  specimens  from  the  series  shown  in  Plate  I, 
enlarged  X20,  to  show  details  of  marking  ventral  vein.  4,  hinge  area  enlarged 
X3.     Florena  shales  at  Florena. 
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The  fcdlowing  is  a  summary  of  the  Twelfth  Anmtal  Report  of  the 
IntematioDal  Committee  on  Glaciers.' 

REPORT  ON  GLACIERS  FOR  1906 

Swiss  Alps. — Of  the  sixty-three  glaciers  observed  in  1906,  fifty- 
three  were  retreating  and  ten  were  doubtfuL  Of  the  doubtful 
glaciers  nine  seemed  to  show  a  sli^t  advance  but  it  was  not  suflBcient 
to  establish  a  true  change  of  phase.^ 

Eastern  Alps, — Only  thirty  glaciers  were  measured  in  1906;  they 
were  in  the  Ubergossene  Aim,  the  Silvretta,  Oetztal,  Stubai>  Zillertal, 
Venediger,  Glockner,  Ankogel,  and  Ortler  grou]>s  and  in  southern 
Tyrol.  Twenty-six  glaciers  were  retreating,  three  were  stationary, 
and  one  was  advancing.  The  general  retreat  was  stronger  than  in 
1905.  Of  the  five  glaciers  reported  as  advancing  and  three  as  sta- 
tionary in  the  Oetztal  in  1905,  five  are  now  retreating.  The  Grossel- 
endkees  in  the  .\nkogel,  which  was  stationar}*  in  1905,  shows  a  marked 
advance.     It  is  the  only  advancing  glacier  amongst  those  observed.* 

Italian  Alps. — .\11  the  glaciers  that  were  observed  in  1906  in 
Val  Tournachc,  in  \'al  Formazza,  and  in  the  Lombard  Alps  were 
retreating.  The  Forno  glacier  in  \'alfurva  retreated  rapidly  between 
1864  and  1895,  ^^d  ^  WixXo:  later  became  stationary.  Its  n^v^-fields 
seem  to  have  diminished  in  the  last  ten  years,  suggesting  a  coming 
retreat.^ 

French  Alps, — An  examination  of  earlier  observations  has  brought 
to  light  the  changes  which  took  place  in  the  Glacier  des  Bossons 
between  1818  and  1904.     At  the  later  date  the  glacier  was  600  meters 

I  The  earlier  refwrts  appeared  in  the  Journal  oj  Geology,  Vols.  III-XVI. 
»  Zeitschrijt  fiir  Gletscherkundf,  1908,  Vol.  II,  pp.  161-98. 

3  Report  of  Professor  F.  A.  Forel  and  M.  E.  Muret. 

4  Report  of  Professor  E.  Bruckner. 

5  Report  of  Professor  O.  Marinelli. 
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shorter  than  in  1818.  It  seems  to  be  advancing  slightly  at  the  present, 
although  the  other  glaciers  of  the  region,  and  those  in  the  nearby 
regions  of  Maurienne  and  Tarantaise  are  retreating.  Large-scale 
maps  of  the  ends  of  several  glaciers  have  been  made  for  future  com- 
parisons. Several  small  glaciers  have  entirely  disappeared.  A 
number  of  glaciers  measured  in  the  Dauphin^  are  retreating  rapidly 
and  some  small  ones  have  disappeared. 

Pyrenees, — The  glaciers  are  retreating  but  the  precipitation  was 
heavy  during  the  previous  winter,  and  two  glaciers  are  getting  thicker 
in  their  upper  port  ions.'' 

Norway, — The  four  glaciers  measured  in  the  Folgefon  and  in 
the  Jostedal  have  advanced  from  15  to  33  meters  since  1905.  In 
the  Jotunheim  seven  glaciers  have  advanced  and  nine  have  retreated 
during  the  year.  The  greatest  advance  was  12.8  meters  and  the 
greatest  retreat  22.5  meters.* 

Russia, — Two  glaciers  on  the  northern  slope  of  the  mountain  chain 
of  Peter  the  Great,  Boukhara,  are  rapidly  melting  back,  whereas  a 
glacier  on  the  southern  slope  of  the  same  chain  is,  according  to 
observations  in  1905,  notably  advancing.  A  number  of  glaciers  are 
reported  in  the  Tian  Chan  mountains  and,  although  not  measured, 
several  seem  to  be  advancing.^ 

Canada, — The  report  contains  an  interesting  summary  of  the 
observations  of  the  Messrs.  Vaux  on  the  Illccillewaet,  Asulkan, 
Wenkchemna,  Victoria,  Wapta,  and  Horseshoe  Glaciers,  since  1898. 
It  will  be  imnecessary  to  repeat  the  details  here  as  the  article  has 
been  published  in  extenso  in  this  country.^  Suffice  to  say  that  these 
glaciers  have  in  general  retreated,  but  at  a  diminishing  rate;  the 
Asulkan  has  advanced  slightly,  but  has  retreated  again  to  its  position 
of  1899;  ^he  Illecillewaet  continues  to  retreat,  but  photographs  show 
that  the  upper  part  is  getting  thicker,  and  it  will  be  interesting  to 
determine  how  soon  this  will  affect  the  end.^ 

I  Repori  of  M.  Ch.  Rabot. 
a  Report  of  M.  P.  A.  Oyen. 

3  Report  of  Colonel  J.  de  Schokalsky. 

4  "  Observations  made  in  1906  on  Glaciers  in  Alberta  and  British  Columbia," 
Proc.  PhUad.  Acad.  Nat.  Sci.y  1906,  pp.  568-79. 

5  Report  of  MM.  George  and  William  S.  Vaux. 
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Himalayan  Glaciers. — Stej)s  have  been  taken  by  the  Geological 
Sun-ey  of  India  to  survey  and  mark  the  positions  of  the  ends  of 
several  glaciers;  photographs  will  be  taken  and  observations  made  at 
future  times,  which  vnJl  determine  the  changes  they  imdergo.' 

REPORT  ON  THE  GLACIERS  OF  THE  UNITED  STATES  FOR  1907' 

The  snow  fall  in  the  Rocky  Mountains  was  so  great  during  the 
previous  winter  that  the  Hallet  glacier  in  Colorado  was  not  imcovered 
during  the  summer  of  1907,  and  therefore  it  is  probable  that  it  has 
made  a  small  advance  {MiUs).  Three  small  glaciers  are  reported  in 
the  Crazy  Mountains  of  Montana,  one  each  in  Big  Timber,  in  Sweet 
Grass  and  Rock  Creek  canyons,  respectively  (Wolfe  and  Mansfield), 
There  is  no  report  on  the  Califomian  glaciers,  but  the  snow-fall  in 
the  Sierra  Nevadas  was  unusually  great  during  the  preceding  two 
winters  (Le  Conte). 

The  snow  fall  seems  also  to  have  been  excessive  in  the  Cascade 
Mountains  of  Oregon,  though  the  annual  precipitation  at  Portland, 
Oregon,  was  but  normal  {Montgomery),  The  Eliot  Glacier,  on  the 
northern  side  of  Mt.  Hood,  continues  to  retreat.  A  comparison  of  a 
photograph  taken  in  1907,  with  earlier  ones,  shows  a  marked  recession, 
and  the  slope  at  the  end  of  the  glacier  is  much  diminished,  {LangilU). 
Mr.  A.  H.  Sylvester^  has  made  a  tOfX)graphic  map  of  Mt.  Hood  and 
the  region  west  of  it  which  is  to  be  published  by  the  United  States 
Geological  Survey.  He  observed  glacial  scratches  and  old  moraines 
at  a  considerable  distance  from  the  mountain.  He  refX)rts  evidences 
of  a  small  advance  in  most  of  the  glaciers  which  is  referable  to  the 
heavy  precipitation  during  recent  years,  but  he  thinks  the  Zig  Zag 
and  White  River  glaciers  are  retreating  on  account  of  the  greater 
activity  of  the  fumarole  at  their  heads,  which  has  melted  a  large 
quantity  of  snow  in  the  old  crater  of  the  mountain.  In  the  canyon 
below  White  River  Glacier  he  has  found  ice  buried  in  places  by  more 

»  Report  of  M.  Douglas  W.  Freshfield. 

2  A  synopsis  of  this  report  will  appear  in  the  Thirteenth  Annual  Report  of  the 
International  Committee.  The  ref>ort  on  the  glaciers  of  the  United  States  for  the 
year  1906  was  given  in  this  Jourttal,  Vol.  XVI,  pp.  51-55. 

3  "Is  Our  Noblest  Volcano  Awakening  to  New  Life?"  Nai.  Geog.  Mag.,  ^  'y, 
1908,  Vol.  XIX,  pp.  515-25. 
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than  200  feet  of  dfl)ris,  which  he  takes  to  be  all  morainic.  This  ice 
occurs  under  what  has  been  called  the  Moraine  Mesa,  as  its  surface 
is  covered  by  a  well  marked  ground  moraine.  •  Mr.  Sylvester  looks 
upon  the  material  below  this  moraine  as  an  earlier  moraine;  between 
the  two  is  a  confused  mass  of  forest  humus  and  broken  trees,  some  of 
which  seems  still  to  be  in  place ;  and  he  infers  two  periods  of  glaciation 
separated  by  a  long  interval  with  a  mild  climate.  The  prcbent 
writer,  who  visited  the  mountain  in  1901  ,*  looks  upon  the  lower  material 
as  ejecta.  The  presence  of  ice  under  it  would  then  indicate  that  an 
older  glacier  was  buried  under  the  material  thrown  out  during  a 
period  of  great  activity;  and  the  steam  which  would  continue  to 
escape,  in  gradually  diminishing  quantities,  would  prevent  the  forma- 
tion of  glaciers  for  a  long  time;  even  after  the  snow  again  began  to 
accumulate,  it  would  require  a  century  or  more  before  the  White 
River  Glacier  would  extend  to  the  region  of  the  Moraine  Mesa;  and 
no  great  variations  of  the  climate  would  be  necessary  to  account  for 
the  buried  forest.  It  is  not  improbable  that  the  great  outburst  was 
the  cause  of  the  disappearance  of  the  southern  wall  of  Mt.  Hood's 
crater. 

Mr.  George  Davidson  made  a  trip  in  southeastern  Alaska  in  1907 
and  noticed  a  general  retreat  of  the  glaciers  and  diminution  of  the 
snow-fields  since  his  earlier  visits  in  1867-69.  The  only  definite 
information  we  have  regarding  Glacier  Bay  is  contained  in  two  short 
notes  by  members  of  the  International  Boundary  Survey.*  A  small 
sketch  map  of  Muir  and  Reid  Inlets  accompanies  Mr.  Morse's  report. 
These  notes  show  that  between  1894  and  1907,  Muir  Glacier  has 
retreated  eight  miles.  Grand  Pacific  Glacier,  seven  and  one-half 
miles,  and  Johns  Hopkins  Glaciers,  three  miles.  Only  a  small 
part  of  the  end  of  Muir  Glacier  is  discharging  ice-bergs.^  That 
the  rapid  retreat  common  to  all  the  glaciers  of  the  bay  was  in 

«  "The  Glaciers  of  Mt.  Hood  and  Mt.  Adams,"  Mazama^  1905,  Vol.  II,  pp.  194- 
200;  and  "Studies  of  the  Glaciers  of  Mt.  Hood  and  Mt.  Adams,"  Zeitschrift  fUr 
Gletscherkunde,  1906,  Vol.  I,  pp.  113-32. 

»  Otto  J.  Klotz,  "Recession  of  Alaskan  Glaciers,"  Geog.  Jour.,  1907,  Vol.  XXX, 
pp.  419-21;  Fremont  Morse,  "The  Recession  of  the  Glaciers  of  Glacier  Bay,  Alaska," 
Nai,  Geog.  Mag.,  1908,  Vol.  KIX,  pp.  76-78. 

J  It  is  to  be  noted  that  Mr.  Klotz  interchanges  the  names  of  the  Grand  Pacific 
and  the  Johns  Hopkins  glaciers. 
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vjnst  "aart  ^lJST:*^  md  jl  ooes  Tirfcrff  fav-  tbe  caitiiquake  erf  Sep- 
z^sicftr,  r^x.  ia^  yrrr  :3e  saezai  bdKi  ob  ^uwjnf  of  the  great 
7iaax± J  >c  fcar  nirtg:  vjolx  :»  f  ■  .ii ■viiM  gramrrs  nmnimered  the 
xJSt^wTisz  simrmrr,  sbet  •likx  xs  rPEr  saaor  £lai  the  baj.  especially 
frun  Itior  iTtirr  mjiltpjhL  Tks  bcfiet  is  <iwfninff1  bv  the  eipe- 
rYnr?-  *:€  Ur.  Aaeia:  UnaAmamBk^  v»  vas  m  diarge  of  the  cazmery 
jc  tbt  rxccr  ^  rsic^  bar  at  isgi^  He  repcxts  that  immediately  after 
tre  ^art^c^akji*:  I2e  ^j:aai'ri  of  irii  ice  in  tbe  b^  increased  and 
=Lace  rarr>i' A'  "rjc>  t^tt  -ilfjL'Jc  3ar  rs  smafl  steamers. 

Tre  rarfttr?  nrsi  i*yirn''g  cram  tbe  Brabazoo  range  of  mountains, 
farri'g  *b£:  c*»:£t  bentiEcn  dx  Fasmeatfacr  Rai^  and  Yakutat  Bay, 
^TPt  trsintODt  tzac  triej  are  rercadng  br  the  cxisteiice  of  moraines 
^  srjcx:  osazxe  froci  ibe  ice;  tbe  internenii^  region  is  barren^  but 
trees  m  ^mera!  zrvyr  on  tbe  odcr  ade  of  tbe  moraines.  One  Racier, 
tbe  Yatirat.  has  rs  or5sJn  in  tiie  great  snow  fields  behind  the  moun- 
tains and  poiees  coct;4etehr  tfaroo^  the  range;  k  is  retreating  like 
tbe  others.' 

Tbe  interpretarioQ  heretofore  pat  upon  tbe  narratives  of  Malas- 
p:na  ^rA  of  Vanco-ver.  regarding  the  ice  in  Disenchantment  Bay, 
hs.^  b-ern  tha:  the  ziaciers  actually  filled  the  bay  as  far  as  Haenke 
l-^zrA  in  17^2  ar.i  :':-i.  But  Mes3"s.  Tarr  and  Martin,*  by  a  con- 
iiceTa:>jn  o:  .he  general  character  of  the  vegetation,  the  absence  of 
lac-L-:r:ne  ce:y>-::-  in  :he  lower  pan  of  Russell  Fiord,  the  strongly 
marked  -hore  h'ne^  in  Disenchantment  Bay.  and  finally  by  a  critical 
exan-.inan'on  of  the  accounts  of  the  two  early  explorers,  have  concluded 
that  they  merely  encountered  compact  floating  ice  in  the  neighbor- 
hood of  Haenke  I-land.  and  that  the  glaciers  did  not,  at  the  time  of 
their  exy^lorations.  extend  to  this  island. 

In  the  Aleutian  I.-lands,  the  volcano  of  Makushin,  Unalaska,  and 
the  volcanic  mountains  of  Atka,  cany  large  nev^-fields  with  radiating 
glaciers ;  t  hey  do  not  show  any  signs  of  retreat ;  it  is  probable  that  they 
are  arlvancing,  for  the  .\leutian  Islands  are  unquestionably  in  process 
of  elevation  (Jaggar). 

»  Kliot  HlackweMer,  "Glacial  Features  of  the  Alaskan  Coast  between  Yakutat 
Hay  anH  th«;  A\M-k  River,"  Journal  of  Geology ^  1907,  V'oK  XV,  pp.  415-33. 

'  "IV^sition  of  the  Hubl>ar(i  Glacier  Front  in  1792  and  1794,**  Bull.  Am.  Geog. 
Soc,  1907,  Vol.  XXXIX,  pp.  129-36. 


Reviews 

The  Straiigraphy  of  the  Western  American  Trias.  By  J.  P.  Sbhth. 
Sondcrabdruck  aus  der  Festschrift  zum  siebzigsten  Geburtstage 
von  Adolph  v.  Koenen  gewidm.  v.  seinen  Schiilem.  Stuttgart: 
E.  Schweizerbartsche  Verlagsbuchhandlung,  1907. 
Since  Lower  Triassic  times,  and  perhaps  earlier,  the  marine  faunas 
of  western  America  have  shown  a  close  relationship  with  those  of  eastern 
Asia,  except  when  modified  by  the  periodical  invasions  of  Boreal  forms 
and  the  occasional  interruptions  of  Mediterranean  types  which  gained 
access  through  Atlantic  waters.  At  the  present  time  the  living  marine 
faimas  of  Japan  and  our  Pacific  coast  show  a  large  niunber  of  identical 
species,  though  the  intermingling  of  the  shallow-water  forms  is  prohibited 
by  deep  water  east  of  Kamchatka  and  by  the  cold  current  from  Bering  Sea. 
A  rise  of  200  meters  would  close  Bering  strait  and  shut  off  the  cold  water 
bom  the  north,  while  a  greater  elevation  would  allow  easy  communication 
between  the  shore  forms  of  Kamchatka  and  the  Aleutian  Islands.  It  is 
probable  that  the  recurrence  of  comparatively  small  elevations  and  sub- 
sidences of  the  North  Pacific  border  accounts  for  the  similarity  of  the  faunas 
of  the  eastern  Asiatic  and  the  western  American  coasts  during  some  stages 
and  the  invasions  of  Boreal  types  during  others.  This  hypothesis  assumes 
that  a  imiform  temperature  did  not  necessarily  exist  over  the  entire  earth 
previous  to  the  Tertiary,  and  it  aims  to  show  that  the  intervention  of  a  Pacific 
.continent  during  Mesozoic  time  is  unnecessary  for  the  explanation  of  the 
similarity  of  Asiatic  and  American  faunas  An  analysis  of  the  Triassic 
formations  of  western  America  and  a  summary  of  later  stratigraphy  forms 
the  basis  for  these  conclusions.  H.  H. 


The  Green  Schists  and  Associated  Granites  and  Porphyries  of  Rhode 
Island.  By  Benjamin  K.  Emerson  and  Joseph  H.  Perry. 
U.  S.  G^logical  Survey,  Bulletin  No.  311;  71  pp.,  map.  Wash- 
ington, 1907. 

This  paper  deals  principally  with  the  interesting  Cambrian  remnants 
which  occur  in  Rhode  Island  as  broad  isolated  patches,  and  with  the  sur- 
rounding eruptives.    Special  emphasis  is  placed  on  the  remarkable  series 
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essentially  straight  lines  which  bear  some  relationship  to  geologic  boundaries, 
coast  lines,  mountain  borders,  etc.,  which  are  parallel  to  one  another  in 
series,  and  which  often  intersect  volcanic  vents.  Seismic  intensity  does  not 
vary  with  distance  from  any  point  or  points  within  the  earth,  but  is  greatest 
at  or  near  the  intersections  of  these  seismotectonic  lines.  In  only  a  very 
few  cases  can  seisms  be  said  to  owe  their  origin  to  vulcanism;  the  great 
majority  of  shocks  are  due  to  faulting  of  the  normal  type  and  it  is  along 
fractures  that  the  earth-waves  are  propagated.  Places  situated  even  a 
short  distance  from  fracture  lines  along  which  disturbances  have  repeatedly 
occurred  have  escaped  serious  injury.  It  is  interesting  to  note  also  that 
brontidi,  the  deep  rumblings  heard  commonly  in  certain  localities,  occur  on 
lines  along  which  much  seismic  disturbance  has  taken  place,  indicating 
that  these  noises  are  due  to  slipping  along  fracture  planes.  A  survey  of 
recorded  earthquake  scarps  and  fissures  seems  to  show  that  notable  surface 
dislocations  are  formed  only  at  times  of  notable  shocks;  that  they  are  sharply 
divided  into  two  orders  of  magnitude;  that  the  faults  are  of  the  nearly  verti- 
cal normal  type,  and  that  all  the  movements  are  due  to  an  adjustment  in 
position  of  individual  blocks.  Thus  a  careful  study  of  the  earth  movements 
of  a  region  may  furnish  data  from  which  the  position  of  otherwise  unde- 
terminable fault  planes  and  systems  may  be  derived.  The  topography 
and  hydrography  of  many  areas  is  also  modified  along  seismotectonic  lines, 
as  is  illustrated  in  the  United  States  by  the  Northern  and  Southern  Fall 
lines,  the  Carolina  coast  line,  the  Connecticut  line,  and  other  lineaments. 
The  three  most  prominent  seismic  areas  of  the  United  States — the  Atlantic 
border,  the  middle  Mississippi  basin,  and  the  bay  of  San  Francisco — are 
also  sinking  areas.  Briefly  stated,  the  law  of  the  distribution  of  seismic 
phenomena  is  that  seismicity  is  localized  along  faults  and  is  greatest  at  their 
intersections. 

The  second  article  deals  more  in  detail  with  the  southernmost  portion  of 
the  Italian  peninsula  and  with  the  neighboring  parts  of  Sicily.  In  this 
region  the  relationship  between  the  topography  and  crustal  dislocations  is 
particularly  well  marked  and  the  rectilinear  stretches  of  coast  are  often  lines 
of  great  seismicity.  Even  the  separation  of  Sicily  from  Calabria  and 
from  Africa  is  a  comparatively  recent  event  due  to  subsidence  along 
fault  planes.  The  well-known  Italian  volcanic  vents  are  often  situa- 
ted at  the  intersections  of  fracture  planes,  while  the  destructive  intensity 
of  Calabrian  quakes  is  greatly  augmented  at  similar  points.  A  striking 
fact  in  connection  with  the  best-known  earthquakes  of  Calabria  is  the 
nearly  constant  relative  intensity  shown  at  a  number  of  the  affected  com- 
munes, indicating  that  these  shocks  have  been  the  results  of  successive 
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«/  Cneml  ire*™  N^fir  IWi-    By  H,  L,  Faibchild- 
Knr  Yofk  St^£  Musetim,  BuQetin  tit;    76  pp.,  20  pL,  raap. 

Kev  Yi3il  possaus  die  most  icanzkibk  g^mp  of  dmmliBs  in  tbr 
inxldi  axhd  lliis  byflctm,  with  its  cErfoitlf  prepoied  maps,  phocographs^ 
and  ckscf^idTe  inaiter,  w^  be  a  wckocne  additioQ  to  a  ^adologist's  librafj. 
The  lii^tribatiaii  erf  the  Xew  Y<xk  dnunHns  shows  that  th^  were  fodmed 
dyiicig  the  latesl  pitasr  of  ^aoadctfi  bj  the  spf^^uling  ol  the  ice  irom  the 
Oatario  basm.  A  s&liiig  iBQ^ciiifsit  of  the  knrer  ice  caused  by  a  borbozitil 
ihrosi  from  behiDd  seesns  to  be  essecUil  to  dtumlin  formatioti,  though  the 
i|i]aiitjt  poeitioii,  aod  TDlmne  of  the  drift  material^  and  the  degree  of  the 
vcitical  ptestue  md  ol  the  loobillty  of  the  ice  aze  also  faaom.  The  shales 
(tf  ccDtial  New  Yoi^  Iciinishcd  a  peculiartj  adbcsive  drift  from  which  the 
dramltDS  were  eomMruiUd  by  a  piastmDg-<kii  psocess.  These  masses  of 
drift  woe  thus  given  their  peculiar  shapes  by  the  rubbing  action  of  the  ice 
mofyqncpt  dtmng  the  final  stag^  of  diniimsKed  pressure  and  lagging  flo«« 
The  presence  of  open  spaces  in  the  midst  of  strongly  dnimlinized  areas  is 
difficult  of  explanation.  In  some  cases  depressions  may  have  lain  at  such 
a  low  level  that  a  plane  of  shearing  was  formed  in  the  ice  above  them  so  as 
to  leave  a  mass  of  stagnant  ice  beneath.  An  earlier  ice  invasion  may  have 
localized  the  drift  of  the  ground  moraine  that  was  to  be  shaped  into  drum- 
lins  by  the  next  invasion;  but  no  drumlin  was  obsen'ed,  the  internal  structure 
of  which  revealed  a  direct  derivation  from  terminal  moraine  material. 

H.  H. 


Geology  and  Water  Resources  of  the  Bighorn  Basin,  Wyoming,     By 

Cassius   a.    Fisher.     U.    S.    Geological   Survey,    Professional 

Paper,  Xo.  53;  51  pp.,  20  pi.,  map.     Washington,  1906. 

The  region   described  comprises  about  8,500  square  miles,   situated 

mainly  in  Bighorn  County  in  northwestern  Wyoming.     The  most  striking 

topographic  feature  is  a  broad  structural  valley  boimded  on  nearly  all  sides 

by  high  mountain  ranges  and  containing  in  its  interior  high  badland  slopes. 

The  amount  of  water  in  the  principal  streams  varies  gready  with  the  season 

of  the  year,  being  greatest  in  early  summer;  but  irrigation  has  been  prac- 
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ticed  for  over  twenty  years.  A  storage  reservoir  and  canals  under  construc- 
tion by  the  Government  will  reclaim  282,000  acres  more.  The  study  of 
the  stratigraphy  of  the  region  shows  that  all  the  yoimger  systems  are  repre- 
sented down  as  far  as  the  Devonian,  and  below  that  the  Ordovician,  Cam* 
brian,  and  pre-CambrianJ  occur.  The  Laramie  has  a  much  greater 
development  than  any  other  co-ordinate  division,  although  the  Colorado,  the 
Pierre  shale,  and  the  Wasatch  also  show  considerable  thicknesses.  Coal 
has  a  widespread  distribution  in  the  Laramie  and  associated  formations 
and  is  mined  at  numerous  points  along  the  streams.  Gypsum  deposits  are 
extensively  developed,  but  are  not  utilized  except  in  a  small  way. 

H.  H. 


Geology  of  the  Long  Lake  Quadrangle.  By  H.  P.  Gushing.  New 
York  State  Museum,  Bulletin  115;  88  pp.,  20  pi.,  map.  Albany, 
1907. 
The  Long  Lake  quadrangle  is  situated  on  the  western  border  of  the 
more  rugged  portion  of  the  Adirondack  Mountains.  The  topography  of 
the  area  is  greatly  diversified,  for  portions  of  both  the  high  Adirondack 
region  and  the  lower  "lake  belt"  are  included.  Fifty-seven  lakes  and 
ponds,  many  being  rapidly  converted  into  marshes,  are  shown.  All  the 
rocks  of  the  quadrangle  are  of  pre-Cambrian  age  and  most  of  them  belong 
to  the  early  portion  of  that  long  interval.  Four  groups  have  been  differen- 
tiated, most  of  them  strongly  metamorphosed:  (i)  A  series  of  sedimentary 
rocks,  the  Grenville  series,  with  contemporaneous  intrusions;  (2)  a  series 
of  gneisses  of  igneous  origin,  perhaps  older  than  the  Grenville;  (3)  a  series 
of  igneous  rocks  less  profoimdly  altered  and  certainly  younger  than  the 
preceding;  (4)  a  series  of  still  younger  igneous  rocks  of  very  slightly  altered 
character.  Probably  Ordovician  deposits  were  laid  down  on  the  older  rocks 
but,  if  so,  have  been  entirely  removed  by  erosion.  A  full  account  of  the 
geological  history  of  the  northern  Adirondack  region  is  given  by  the  same 
author  in  New"  York  State  Museum  Bulletin  No.  95. 

H.  H. 


Mineral  Solution  and  Fusion  under  High  Temperatures  and  Pres- 
sures.   By  Arthur  L.  Day.    From  the  Fifth  Year-book  of  the 
Carnegie  Institution  of  Washington,  pp.  177-85.    Washington, 
1907. 
This  paper  is  a  summary  of  the  work  accomplished  in  geophysical 

research  by  the  Carnegie  Institution  of  Washington  in  1906.    The  work 
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his  DOW  passed  beyond  the  prdiminary  stage.  Impoitant  results  have 
alreadj  been  obtained  and  much  more  may  be  expected  in  the  future,  espe- 
daD  J  since  the  occupatioo  of  new  quarters  by  the  lab<»iUory  will  make 
possible  the  investigations  of  mineral  behavior  under  high  pressures  origi- 
naUy  contemplated.  The  study  of  the  fdd^ars  and  other  minerals 
resuhed  in  the  location  of  several  cases  of  reversible  changes  and  one  of 
ineTer>ible  change.  WoUastonite  possesses  one  crystal  form  below  1,200° 
and  another  above  that  temperature  and  either  of  these  forms  may  be 
changed  to  the  other.  Three  forms  of  magnesiimi  metasilicate  may  be 
dianged  into  a  fourth  by  heating,  but  the  reverse  change  does  not  occur; 
and  yet  enstatite,  the  magnesium  silicate  compound  conmion  in  rocks,  is 
not  this  stable  form.  Quartz  was  found  to  change  over  to  tridymite  at 
Soo^.  if  given  time  enou^ ;  showing  that  this  mineral,  so  common  in  nature, 
has  been  formed  at  a  rdativdy  low  temperature.  "Quartz-^ass,"  a  most 
useful  material  which  can  be  raised  to  a  white  heat  without  melting  and 
subjected  to  sudden  changes  of  temperature  without  breaking,  was  success- 
fxiUy  {Hepared,  thou^  quite  hi^  tempoatures  (above  1,600^  C.)  and  some 
pfcssure  were  necessary.  The  valuable  properties  of  Portland  cement 
have  been  attributed  to  tricakic  silicate,  but  this  compound  was  found  not 
to  ex:>t:  fiirther  study  may  reveal  the  true  chemical  relations  which  deter- 
ziine  :he  action  of  this  cement.  Textures  similar  to  those  of  certain  schis- 
tose n:c:im.^r:^hic  rvvks  were  produced  in  the  laborator}'  by  submitting 
crv>:^l!:j:r.g  >u*  ftances  to  unequal  stresses;  thus  confirming  the  conclusions 
of  \  .ir.  H:>e  ir.  regard  to  the  cause  of  schistosity  in  rocks.  The  published 
work  c:   :he  lar^oraior}'  has  appeared  in  various  scientific  journals,  as 

er.un^era'.ovi  in  ihe  paper. 

H.  H. 

Th(  Mcu  Ktcins  0;  Southernmost  Africa.   By  W.  M.  Davis.    Reprinted 
from    Bulletin   of   the   American    Geographical    Society,   V'ol. 
XXXVIII,  October,  1906. 
One  of  the  l^est-defined  physiographic  features  of  South  Africa  is  the 
mountain  s\'Siem.  occup\ing  the  southern  border  and  here  referred  to  as 
the  Cape  Colony  ranges.     It  comprises  a  number  of  nearly  parallel  east 
and  west  ridges  and  longitudinal  valleys  which  do  not  conform  in  direction 
to  the  trend  of  the  southern  sea  coast  but  are  cut  irregularly  by  it.     The  sea 
has  ad\*anced  on  these  mountains,  leaving  but  a  renmant  of  the  whole  sys- 
tem, and  this  remnant  has  itself  suffered  extensive  denudation.    Americans 
will  be  particularly  interested  to  learn  that  the  Cape  Colony  ranges  are  in 
iv  respects  similar  to  the  Alleghenies.    The  strata,  with  the  exception 
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of  a  few  Mesozoic  formations  in  South  Africa,  are  Paleozoic  in  both  cases, 
and  were  originally  spread  out  in  horizontally  uniform  sheets  of  great  vertical 
diversity.  Great  thicknesses  of  rock  were  laid  down  on  slowly  subsiding, 
peneplains  until  compressional  forces  crowded  them  into  parallel  folds 
with  overtiuTis  directed  toward  the  continental  center  and  with  essentially 
flat  plateaus  on  the  landward  side  of  the  systems.  In  both  cases,  therefore, 
the  mountain-making  forces  produced  thrusts  directed  from  the  ocean 
toward  the  land  masses.  The  massive  Karroo  formations  in  southernmost 
Africa,  as  the  Carboniferous  strata  in  the  Appalachians,  have  been  almost 
entirely  removed  from  the  folded  area  by  a  long  period  of  erosion,  which 
produced  a  partial  peneplanation;  while  the  renewal  of  deep  erosion  since 
that  period  is  the  result  of  another  relative  uplift.  The  present  configiura- 
tion  of  the  mountains  is  in  no  sense  due  to  the  form  the  country  received 
originally  as  a  result  of  the  action  of  the  compressional  forces,  though  the 
prevalence  of  anticlinal  ridges  and  synclinal  valleys  has  proved  a  snare  to 
some  observers.  The  synclinal  valleys  are  occupied  by  resequerU,  not 
consequent f  streams;  the  early  consequent  streams  were  diverted  to  the 
anticlines  at  one  period,  but  were  forced  back  into  synclinal  positions  by  the 
resistance  of  a  second  deep-lying  hard  stratum.  Where  the  beds  of  a  regu- 
larly folded  region  are  of  great  vertical  diversity  and  the  geologic  history  is 
similar  to  that  of  the  Alleghenies  or  the  Cape  Colony  ranges,  the  resequent 
type  of  valley  is  the  one  which  theoretical  considerations  indicate  as  the 
natural  result  of  the  conditions  prevailing.  H.  H. 


Drainage   Modificalions   in   the    Tallulah   District.    By    Douglas 

Wilson  Johnson.     Proceedings  of  the  Boston  Society  of  Natural 

History,  Vol  XXXIII,  No.  5;  pp.  211-48.    Boston,  February, 

1907. 

The  Chattooga  River  flows  southwest  between  Georgia  and  South 

Carolina  to  the  westernmost  point  in  the  latter  state,  where  it  receives  the 

TaUulah  River  as  a  tributary  from  the  northwest  and  then  turns  abruptly 

to  the  southeast  and  flows  to  the  Atlantic  Ocean  under  the  names  of  the 

Tugaloo  and  Savannah  rivers.    A  few  miles  from  this  abrupt  bend.  Deep 

Creek,  one  of  the  headwaters  of  the  Chattahoochie  system,  continues  the 

course  started  by  the  Chattooga  to  the  southwest. 

The  conclusion  is  reached  that,  by  a  process  of  "remote  capture,"  the 
Chattooga  River,  which  formerly  flowed  southwest  into  the  Gulf  of  Mexico 
as  a  part  of  the  Chattahoochie  system,  was  captured  by  a  member  of  the 
Savannah  system.    The  Atlantic  drainage  gained  this  victory  over  that  of 
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the  Gulf  by  virtue  of  its  shorter  course  to  the  sea,  aided  perhaps  by  f avorabk 
cnistal  warping.  The  place  of  the  capture  was  just  below  the  junction  of 
the  Tallulah  and  Chattooga  Rivers.  The  falls  and  gjorg^  of  the  Tallulah, 
difficulties  in  the  paths  <^  many  former  observers,  are  explained  as  the  result 
of  the  presence  of  a  rock  barrier  in  that  river  more  resistant  than  the  forma- 
tioDs  the  Chattooga  was  forced  to  cut  throu^.  Other  physiographers, 
notably  Hayes  and  Can^>beO,  had  reached  essentially  the  same  conclusions 
in  regard  to  this  capture,  but  it  remained  for  this  masterly  exposition  of  the 
case  to  set  at  rest  all  doubts  on  the  subject-  H.  H. 


Postglacial  PamUs  of  Eastern  New  York.    By  J.  B.  Woodworth. 

From  New  Ycnrk  State  Museum,  Bulletin  107,  Geological  Papers. 

Albany,  1907. 
At  a  number  of  points  in  and  near  the  Hudson  River  Valley,  as  well  as  in 
various  points  in  New  England,  the  rdation  to  one  another  of  g^adal  striae 
on  each  side  of  certain  ^uilt  planes  shows  that  the  displacements  have  taken 
place  since  facial  times.  The  so-called  tilting  of  the  land  after  the  retreat 
of  the  ice  has,  therefore,  been  accompanied  in  this  r^cm  by  the  fracturing 
of  rocks  in  certain  zones  where  the  strata  have  jdelded  by  numerous  small 
step-faults.  These  have  a  downthrow  to  the  southwest  where  the  strike 
of  the  structures  is  normal  to  that  direction,  and  to  the  south  where  the  strike 
is  east  and  west.  The  obsen'ations  so  far  made  indicate  that  the  ancient 
shore  lines  on  the  eastern  side  of  the  Hudson  gorge  north  of  the  Highlands 
have  been  raised  a  few  feet  more  than  those  of  the  western  side.  Confirma- 
tion is  also  given  to  the  supposition  that  there  has  been  a  relative  uplift  in 
the  north  and  a  downthrow  in  the  south  of  this  area,  though  it  is  uncertain 
whether  the  degree  of  faulting  is  a  measure  of  the  extent  of  the  change  of 
level.  Further  examination  of  these  displacements  may  furnish  data  for 
the  exact  determination  of  the  amount  and  nature  of  the  postglacial  warp- 
ing to  which  the  northeastern  states  have  been  subjected. 

H.H. 
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AND  TIERRA  DEL  FUEGO 


R.  A.  F.  PENROSE,  JR. 


LOCATION  OF  THE  REGION' 

The.  Strait  of  Magellan  intersects  the  southern  end  of  South 
America  from  east  to  west.  To  the  north  of  the  strait  is  Patagonia, 
to  the  south  of  it  is  the  archipelago  of  Tierra  del  Fuego.  Both  these 
regions  are  owned  partly  by  Chile  and  partly  by  the  Argentine  Repub- 
lic. The  dividing  line  follows  the  Andes  southward  in  Patagonia  to 
the  Strait  of  Magellan,  thence  eastward  for  some  distance  along  the 
strait,  and  thence  southward  again  through  Tierra  del  Fuego,  giving 
most  of  that  archipelago  to  Chile,  but  an  important  part  on  the  eastern 
side  to  Argentine.  The  Chilean  possessions  in  the  Magellan  region, 
on  both  sides  of  the  strait,  are  officially  known  as  the  Territory  of 
Magallanes,  a  term  locally  abbreviated  to  simply  "Magallanes.'' 

Patagonia  represents  the  southern  end  of  the  mainland  of  South 
America,  terminating  at  Cape  Froward,  in  the  Strait  of  Magellan. 
The  name  Tierra  del  Fuego  properly  belongs  to  the  whole  archipelago 
of  islands  lying  south  of  the  Strait  of  Magellan  and  north  of  Cape 
Horn,  though  sometimes  it  is  applied  to  the  one  large  island  which 
comprises  most  of  the  land  area  of  the  group  and  which  is  often 

»  During  the  year  1907  the  writer  twice  visited  the  Strait  of  Magellan  and  had  an 
opportunity  to  learn  something  of  the  gold-mining  industry  of  that  region.  Other 
researches  in  South  America  prevented  his  making  a  special  study  of  the  deposits  on 
which  this  industry  has  been  built  up,  but  it  is  hoped  that  the  following  general  account 
of  the  occurrence  and  environment  of  the  gold  in  this  little-known  region  may  be  of 
some  interest. 
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kxally  known  as  *'the  island/'  in  distinction  from  the  others.  In  the 
prvs^n:  paper  the  name  Tierra  del  Fuego  will  be  used  to  indicate  the 
whc4e  archipelago,  and.  as  thus  defined,  it  consists  of  one  large  island 
and  many  smaller  cmes.  It  comprises  an  area  extending  about  500 
miles  in  a  direction  from  northwest  to  southeast  and  about  200  miles 
in  a  direciicn  from  nonheast  to  southwest,  and  from  about  52°  30' 
to  alma>;  50^  south  latitude.  The  two  main  tidewater  channels  are 
the  Strait  of  Magellan  on  the  north  and  Beagle  Channel  near  the 
southern  pan,  imerseaing  the  region  from  east  to  west.  Between 
thes^  two.  and  also  south  of  Beagle  Channel,  are  numerous  other 
minor  and  trans\^rse  channels,  dinding  the  archipelago  into  the 
many  islands  of  which  it  is  composed.     (See  map.) 

GEOLOGY  .\XD  TOPOGRAPHY  OF  THE  REGION 

The  western  pan  of  Patagonia  is  comprised  in  the  main  range  of 
the  Andes,  dropping  off  abruptly  on  the  Pacific  side,  while  the  eastern 
pan  is  comprised  in  the  low  rolling  coimtrj'  known  as  the  pampas, 
sloping  gradually  to  the  Atlantic.  South  of  the  Strait  of  Magellan, 
in  Tiorra  viol  Fuogo,  the  western  and  southern  pans  of  the  archi- 
ix^Ligo  are  ruggovi  and  mountainous,  some  of  the  peaks  rising  from 
alvu:  ;.coc  :o  alx^u:  7.000  feet  above  the  sea.  (See  Fig.  2.)  This 
rc-^iv^n  ro:>ro<on:s  the  southern  extension  of  the  Andes,  which  here 
:;:rr.  fron:  :hc:r  usual  nonh- and -south  course  to  a  northwest-and- 
so:::hca<:  course,  and  then  10  an  easi-and-west  course,  finally  terminat- 
ici:  iri  :ho  ruggtxl  Siaion  Island,  the  most  easterly  member  of  the 
arcbiiivlago.  The  nonheasiern  pan  of  the  main  island  of  Tierra  del 
Fuego,  however,  is  a  more  or  less  flat  or  rolling  country,  and  panakes 
of  the  nature  of  the  pampas  of  eastern  Patagonia.  In  fact,  just  as 
the  mountainous  districts  of  Tierra  del  Fuego  are  the  southerly 
extension  of  the  Andes,  so  this  pan  of  the  main  island  is  geologically 
the  southern  extension  of  the  pampas. 

Tierra  del  Fuego  probably  owes  its  condition  as  a  group  of  islands, 
instead  of  as  a  continuous  land  area,  to  a  panial  submergence  of  the 
southern  end  of  South  America.  The  numerous  small  but  high  and 
mountainous  islands  dropping  otT  precipitously  into  the  sea,  following 
each  other  in  quick  succession  along  cenain  directions  and  separated 
by  deep  but  narrow  tidewater  channels,  strongly  suggest  what  the 


GOLD  REGIONS  OF  STRAIT  OF  MAGELLAN 


68s 


o         '    4^    1  I  [ 

Q'  --      I    ^    1 


£ 


•3 


I 


686  IL  A.  F.  PEXROSE^  JR. 

higher  Andes  range  to  the  north  would  look  like  if  it  were  submerged 
sufficiently  to  permit  the  sea  to  invade  its  lower  parts.  The  islands 
appear  to  be  the  upper  parts  of  old  mountain  peaks,  and  the  numerous 
straits,  channels,  and  bays,  with  their  great  depth  and  precipitous 
sides,  appear  to  mark  the  courses  of  the  old  canycuis  and  valleys 
now  submerged.  Wliether  the  submerg^ce  is  now  at  the  maximum 
depth  to  which  it  has  ever  reached,  or  whether  there  has  been  some 
uplifting  since  the  period  of  maximum  submergence,  is  a  question 
which  cannot  be  fully  discussed  within  the  limits  of  the  present 
article. 

The  rocks  of  southern  Patagonia  and  Tierra  del  Fuego  have  not 
been  much  studied,  but  from  the  little  that  is  known  of  them,  it  may 
be  said  that  in  the  moimtainous  areas  they  are  much  like  those  of 
other  parts  of  the  southern  Andes,  granites,  various  igneous  rocks, 
and  slates  being  conunon;  while  in  the  low  pampas  country  in  east- 
em  Patagonia  and  the  northeast  part  of  the  main  island  of  Tierra  del 
Fuego,  more  or  less  soft,  sandy  and  argillaceous  strata  predominate, 
probably  belonging  mostly  to  the  Mesozoic  and  Cenozoic  eras. 
Not  only  in  its  geolog}*  but  in  other  respects,  a  large  part  of  southern 
Patagonia  and  Tierra  del  Fuego  is  a  little-known  country.  Various 
expeditions,  especially  those  of  the  British  ships  the  Adventure  and 
the  Beagle,  have  prepared  good  charts  of  the  strait  and  neighboring 
waters,  with  accurate  measurements  of  the  depth  of  water  and  other 
nautical  data  most  valuable  to  the  navigator.  These  observations 
have  been  supplemented  by  later  Chilean,  American,  French,  and 
other  expeditions.  The  outlines  of  most  of  the  land-areas  have  also 
been  fairly  accurately  mapped,  and  some  of  the  mountains  have  been 
plotted  and  measured,  but  there  are  vast  areas  of  coimtn-  almost 
unknown  beyond  their  shore  lines.  The  advent  of  the  sheep-raiser 
and  the  miner  are  rapidly  giving  us  knowledge  of  some  of  these 
regions,  but  such  information,  though  better  than  nothing,  is  neces- 
sarily vague. 

DISCOVERY   AND   DISTRIBUTION  OF  THE  GOLD   DEPOSITS 

Gold  is  said  to  have  been  discovered  in  southern  Patagonia  by 
the  Chileans  over  forty  years  ago,  and  is  supposed  to  have  been 
known  to  the  native  Indians  at  a  much  earlier  date,  but  it  has  been 
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produced  in  quantities  suflBicient  to  attract  general  attention  only  in 
the  last  twenty  to  twenty-five  years.  The  gold  in  the  gravels  of  Rio 
de  las  Minas,  near  Punta  Arenas,  was  one  of  the  earliest  discoveries, 
and  a  number  of  miners  soon  began  to  work  there.  Another  early 
discovery  was  the  gold  in  the  beach  sands  near  Cape  Virgins,  at  the 
eastern  entrance  of  the  Strait  of  Magellan,  which  was  first  discovered 
about  1876,  but  not  actively  worked  until  1884.  Then  considerable 
excitement  followed  and  prospecting  parties  overran  a  large  part 
of  southern  Patagonia  and  Tierra  del  Fuego.  An  Austrian  named 
Mr.  Julius  Popper  was  among  the  most  active  operators  at  that  time, 
especially  on  the  east  coast  of  the  main  island  of  Tierra  del  Fuego. 
The  search  continued  for  several  years  with  more  or  less  activity. 


Fig.  2. — ^A  view  in  the  Strait  of  Magellan. 

sometimes  the  excitement  subsiding,  and  sometimes  breaking  forth 
again  when  an  especially  rich  discovery  was  made. 

During  this  time,  gold  was  found  and  actively  worked  in  many 
places  on  both  sides  of  the  Strait  of  Magellan,  but  the  principal 
localities  were  the  following:  the  gravels  in  the  Rio  de  las  Minas 
near  Punta  Arenas;  the  beaches  at  Cape  Virgins  and  from  there 
southwestward  along  the  shore  to  Point  Dungeness;  the  gravels  on 
several  small  streams  to  the  eastward  of  where  Porvenir  now  stands, 
across  the  strait  from  Punta  Arenas;  the  beach  at  Paramo  northeast 
of  San  Sebastian  Bay,  on  the  east  coast  of  the  main  island  of  Tierra 
del  Fuego;  Navarin  Island,  Lennox  Island,  New  Island,  and  Sloggett 
Bay  in  the  extreme  southern  part  of  the  archipelago  near  Cape 
Horn;  New  Year  Island  which  lies  north  of  Staten  Island,  at  the 
eastern  end  of  the  archipelago;  and  several  localities  in  the  western 
islands  of  the  archipelago.  In  fact,  gold  has  been  found  to  be  very 
generally  distributed  almost  all  through  the  Magellan  region,  though 
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only  in  ct-rain  localities  has  ir  been  profitably  worked.  Most  of  the 
im>:>r.ant  local:iiL->  yet  discovered  are  in  the  archipelago  of  Tierra 
del  Fuf^o.  though  a  few.  such  as  on  the  beaches  at  Cape  Virgins  and 
Point  Dungi.-ne>>.  are  in  Patagonia,  on  the  north  shore  of  the  Strait 
of  Matrellan:  and  gold  is  also  found  in  places  along  the  southern 
coast  of  Chilf.  for  some  distance  north  of  the  Strait  of  Magellan. 

About  the  year  IQ04  the  preparations  to  use  steam  dredges  in 
handling  tht-  sioM-bearing  gravel  started  afresh  the  boom  that  had 
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for  a  tiniL-  Ikvh  mow  or  less  quiescent.  The  old  method  of  working 
the  mine-  had  ])een  by  hand,  gathering  the  gold  in  i)ans,  sluicc- 
bnxe-.  or  oihir  >imilar  aj^])liances.  With  the  introduction  of  steam 
dred.ues.  however,  it  ])ecame  [»ossible  to  handle  the  gravel  much  more 
cheaply  and  in  mucli  larger  cjuantiiics.  From  all  over  Chile  and 
Argentine  again  came  the  gold-seekers,  with  some  from  a  still  greater 
distance,  and  the  usually  almost  deserted  Strait  of  Magellan  became 
animated  with  >mali  craft.  Since  that  time,  though  the  excitement 
ha<  -i:l)-i«lr(l,  work  on  the  gold  deposits  has  steadily  progresseti.  and 
in  a  much  mon-  -v-iematic  manner  than  formerlv.     There  were  in 
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1907  some  twelve  or  thirteen  dredges  in  operation  or  being  con- 
structed, and  the  gold  industry  of  the  region  promises  soon  to  become 
a  far  more  important  business  than  in  the  days  of  handwork.  The 
most  active  man  in  introducing  the  dredges  has  been  an  American, 
Mr.  John  D.  Roberts,  who  for  some  years  has  been  engaged  in  devel- 
oping the  gold  industry  of  this  region.  The  dredges  are  not  used  in 
handling  the  beach  deposits,  as  the  fury  of  the  storms  would  soon 
batter  them  to  pieces,  and  their  use  has  so  far  been  confined  to  the 
inland  deposits. 


Fig.  4. — The  town  of  Punta  Arenas,  Strait  of  Magellan. 


Until  recently  the  largest  gold-mining  operations  were  at  Paramo 
and  Lennox  Island,  but  since  the  introduction  of  the  dredges,  the 
most  active  operations  are  on  the  northwestern  part  of  the  main 
island  of  Tierra  del  Fuego,  just  across  the  strait  from  Punta  Arenas. 
Here  the  town  of  Porvenir  is  the  headquarters  of  the  industry.  This 
lown  has  been  a  small  settlement  for  some  years,  but  it  jumped  into 
prominence  in  the  gold  boom  of  1904,  and  is  now  a  prosperous  mining 
center  of  about  800  people.  (See  Fig.  3.)  The  mines  are  mostly 
some  miles,  and  often  many  miles,  from  Porvenir,  but  the  town  is 
the  supply  point  and  the  port  at  which  the  boats  of  the  miners  land. 
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further  south,  and  Ushuwaia  is  in  almost  55°  south  latitude,  but  they 
are  all  very  small  settlements. 

Punta  Arenas  was  started  by  the  Chilean  government  as  a  penal 
colony  in  1843,  but  its  location  at  that  time  was  somewhat  further 
south  than  at  present.  A  few  years  later,  in  1849,  the  settlement 
was  moved  to  where  it  now  stands.  In  the  early  days  of  Punta  Arenas 
it  was  the  scene  of  much  disturbance,  and  on  more  than  one  occasion 
frightful  bloodshed  and  massacre  on  the  part  of  the  convicts  have 


Fig.  6. — Gold-bearing  alluvium  on  the  Rio  Pararich,  Tierra  del  Fuego. 

blackened  its  history.  The  Chilean  government  finally  ceased  using 
it  as  a  penal  colony  and  encouraged  its  settlement  by  free  Chileans. 
For  a  long  time  it  was  the  headquarters  for  sealing  and  whaling 
vessels,  until  the  seals  and  whales  became  so  nearly  exterminated 
that  the  industry  began  to  wane.  It  was  also  the  wrecking  head- 
quarters for  the  Magellan  region,  and  the  many  ships  that  were  in 
distress  or  were  dashed  to  pieces  in  the  storms  of  this  inhospitable 
region  received  the  attention  of  the  Punta  Arenas  wreckers. 

In  recent  years,  however,  Punta  Arenas  has  prospered  greatly  along 
other  lines,  first  by  the  development  of  the  sheep  industry  in  Patagonia 
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and  later  by  the  advent  of  the  gold  miner.  Its  population  is  of  a 
most  cosmopcJitan  character,  comprising,  besides  the  native  Chileans, 
many  Austrians  and  a  considerable  nimiber  of  Argentines,  Germans, 
and  Elnglish,  as  well  as  some  Americans,  French,  and  others.  Punta 
Arenas  bears  much  the  same  relation  to  the  Far  South  as  Da^-son 
City,  on  the  Yukon  Ri\-er,  does  to  the  Far  North,  both  being  isolated 
settlements  on  the  borders  of  opposite  polar  regions,  where,  for  vast 
distances,  there  is  no  other  ci\ilization;    and  though  they  are  not 


Fig.  7. — Ciold-l^aring  alluvium  on  the  Rio  Verde,  Tierra  del  Fuego. 

large  cities,  their  very  isolation  gives  them  a  metropolitan  air,  for  they 
are  dejxrndent  on  themselves  for  protection,  amusement,  and  the 
general  facilities  of  civilization.  The  one  is  the  Antarctic  metropolis 
and  the  other  the  Arctic  metropolis  of  the  Western  Hemisphere; 
bevond  both,  civilization  ceases. 


^ 


MODE   OF   OCCURRENCE  OF  THE   GOLD   DEPOSITS 

The  gold  of  the  Magellan  region,  including  the  Strait  of  Magellan 
and  Tierra  del  Fuego,  is,  so  far  as  at  present  known,  most  all  in 
alluvial,  or  placer,  deposits.     Very  few  gold-bearing  veins  have  been 


GOLD  REGIONS  OF  STRAIT  OF  MAGELLAN 


693 


found,  though  it  may  be  said  that,  in  a  region  so  difficult  as  this  is 
to  prospect,  gold-bearing  veins  might  readily  be  overlooked.  The 
alluvial  deposits  may  be  divided  into  two  classes,  those  in  beds  of 
creeks  or  on  hillsides,  and  those  on  sea  beaches  where  they  are  sub- 
ject to  the  action  of  the  sea  during  rising  and  falling  tides  and  during 
storms. 

The  alluvial  deposits  in  beds  of  streams  or  on  hillsides  vary  in 
gold  contents  from  a  few  cents  to  a  dollar  or  more  per  cubic  yard, 


Fig.  8. — Gold-bearing  alluvium  on  the  Rio  Verde,  Tierra  del  Fu^o. 


and  sometimes,  though  less  commonly,  are  considerably  richer,  but 
most  of  the  ground  that  is  now  worked  is  said  to  range  from  twenty- 
five  cents  to  fifty  cents  per  yard.  Under  the  conditions  existing  in  the 
region, 'it  is  difficult  to  make  very  low  grade  ground  pay,  but  some 
of  the  operators  expect  eventually,  with  steam  dredges,  to  make  a 
profit  on  very  considerably  lower-grade  ground  than  they  are  working 
now.  The  gold-bearing  beds  vary  from  a  few  feet  to  many  feet  in 
thickness,  ten  to  thirty  feet  or  more  being  not  uncommon.  (See 
Figs,  s,  6,  7,  8,  and  9.)  An  "overburden,"  or  capping  of  barren 
ground,  of  variable  thickness  often  occurs. 
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The  gold  on  the  beaches  is  someiimes  on  the  immediate  surface 
and  sometimes  covered  by  from  a  few  inches  to  several  feet  of  barren 
sand.  On  some  beaches  it  is  well  up  on  the  shore,  on  others  if  is  near 
the  water  level  and  on  still  others  it  is  below  the  water  level  The 
sandy  strata  carr}-ing  the  gold  are  rarely  o\'er  a  few  inches  in  thick- 
ness, bu:  often  ven-  rich.  The  gold  is  associated  with  large  quanti- 
ties of  black  sand,  which  seems  to  be  mostly  magnetite,  and  numerous 
small  fi^amets. 


Fig.  9. — GoId-h>caring  alluvium  on  the  Rio  Santa  Maria,  Tieira  del  Fuego. 

The  gold,  whether  from  the  creeks,  hillsides,  or  beaches,  is  said  to 
be  quite  pure,  though  it  contains  often  a  little  copper  and  silver.  It 
occurs  generally  in  rather  fine  particles,  but  sometimes  small  nuggets, 
often  flat  and  about  the  size  of  lima  beans,  occur,  and  occasionally 
still  larger  ones  are  found,  but  no  very  great  nuggets  have  yet  been 
discovered.  The  rarer  minerals  which  occur  in  some  other  gold 
districts,  like  diamond,  sapphire,  topaz,  etc.,  are  said  not  to  be  found 
in  this  region,  though  a  closer  study  of  the  deposits  might  reveal  the 
presence  of  some  of  them. 

As  regards  the  origin  of  the  gold  deposits  of  the  Magellan  region, 


GOLD  REGIONS  OF  STRAIT  OF  MAGELLAN  695 

it  may  be  said  that  the  alluvial  deposits  in  the  creeks  and  on  the 
hillsides  have  doubtless  been  derived  from  the  erosion  of  gold-bearing 
rocks,  and  though  such  rocks  have  not  yet  been  foimd  to  any  great 
extent  in  the  region,  they  nevertheless  probably  exist  and  may  some- 
time be  discovered.  If  the  Magellan  region  represents  the  partly 
submerged  southern  end  of  the  continent,  as  already  mentioned  in 
this  paper,  many  of  these  deposits  may  have  been  originally  formed 
as  ordinary  alluvial  deposits  high  up  in  the  moimtains,  and  brought 
down  during  the  sinking  era  to  a  much  lower  level,  while  some  of 
them  may  have  been  completely  submerged  in  the  sea.  The  gold 
in  the  beaches  probably  came  largely  from  the  later  erosion  of  the 
alluvium  in  the  creek  beds  and  on  the  hillsides,  and  perhaps  partly 
from  old  submerged  alluvium  from  which  the  gold  was  thrown  up  by 
the  sea.  In  either  case  the  gold  has  been  further  concentrated  by 
being  washed  over  and  over  again  on  the  beaches.  It  is  said  that  the 
beaches,  after  having  been  carefully  worked  for  gold,  seem  again  to 
become  rich  in  that  metal  after  a  storm  or  an  unusually  high  tide.^ 
This  phenomenon  is  probably  due  partly  to  the  action  of  the  waves 
and  currents  in  concentrating  the  gold  which  the  imperfect  methods 
of  the  miners  have  left  behind  in  the  sand,  and  partly  to  the  washing 
up  of  fresh  gold-bearing  sand  from  depths  that  are  undisturbed  in 
ordinary  weather  or  by  ordinary  tides.  So  well  recognized  is  this 
enriching  of  the  beaches,  that  the  miners,  after  working  all  the  sand 
that  can  be  profitably  handled,  wait  for  the  next  storm  or  very  high 
tide  to  come,  and  then  wash  the  same  spots  over  again  with  a  good 
profit. 

The  ordinary  tides  in  the  eastern  part  of  the  Strait  of  Magellan 
have  a  rise  and  fall  of  30  feet  or  more,  and  the  spring  tide,  45  or  50 
feet,  though  in  the  western  part  of  the  strait  the  tides  have  a  much 
less  rise  and  fall.  The  great  rise  and  fall  of  the  tides  on  the  Atlantic 
side  cause  rapid  currents  in  the  strait,  often  with  a  velocity  of  7  or  8 
knots  an  hour,  and  these,  scouring  the  beaches  backward  and  for- 
ward, must  have  a  very  marked  effect  in  concentrating  the  gold. 
When  we  consider  that  a  river,  flowing  always  in  one  direction,  has  a 
wonderful  power  to  concentrate  gold  in  the  gravel  in  its  bed,  a  much 

«A  similar  phenomenon  is  observable  in  the  gold-bearing  beach  sands  of  Cape 
Nome,  Alaska. 
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greater  concentrating  power  would  seem  to  I 
like  the  Strait  of  Magellan,  where  the  tides  r 
river,  and  where  they  reverse  their  direction 
water  ninning  always  one  way,  gold  may  I 
teaed  from  ftinher  concentrating  action,  b 
one  way  and  then  another,  gold  that  may  be 
runs  in  one  direaion,  may  be  uncovered  an< 
direction  is  re\'er5ed.  eventually  becoming  ra 
In  fact,  the  conditions  in  the  Strait  of  Mag 
process  of  concentration,  not  at  all  luilike  s 
cesses  that  man  has  found  best  suited  for  a 


IIETHODS  OF  PROSPECl 

Prospecting  in  the  Strait  of  Magellan  ar 
more  dithcuh  task  than  in  most  places,  and 
life  in  his  search  for  gold  in  that  bleak,  ir 
many  more  have  rapidly  become  discourage 
climates.  Most  of  the  traveling  is  done  in  h 
cut  up  by  dtvp  tidewater  channels  and  bays 
uniicrbrush  or  immense  peat  bogs;  while  < 
mountain  siiiis.  the  soil  is  soft  and  bogg}*,  s( 
and  of: on  :ni;x>><ible.  Hence  traveling  in 
j^lacc  :o  place  along  the  shore  is  the  most  prac 
bu:  here  again  another  ditticulty  comes  in,  a* 
and  violen:,  and  many  a  vessel  has  been  \ 
everyone  in  her  lost.  The  climate,  howeve 
extreme  in  lem^HTature,  the  thermometer  r 
zero  or  much  above  (X3^  Fahrenheit.  The  r 
is  abixii  ;  r  F.  and  the  mean  summer  tempt 

The  natives,  until  recently,  have  been  a  c 
progress  of  mining.  Many  of  them  still  us 
their  ancestors,  and  have  tiercely  opposed  t 
man:  yet  the  sad  fate  of  most  American Ind 
them,  and  they  will  probably  soon  vanish  b 
cattlemen. 

Aside  from  the  ditTicuhies  of  prospecting, 
under  which  gold  is  worked  in  this  region 
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might  at  first  be  supposed.  General  supplies  can  be  obtained  at 
Punta  Arenas  at  reasonable  prices,  for  it  is  a  seaport  and  supplies 
are  brought  there  by  ocean  steamers  at  fairly  cheap  rates.  The  most 
expensive  item  is  coal,  and  this  is  brought  mostly  from  foreign  coun- 
tries. There  is  a  small  deposit  of  lignitic  coal  worked  at  what  is 
known  as  the  Loreto  mine,  a  short  distance  from  Punta  Arenas,  but 
the  production  is  very  limited  and  does  not  go  far  toward  supplying 
the  needs.  There  is  also  coal  near  Coronel  and  Lota  on  the  Chilean 
coast,  south  of  Valparaiso,  but  this  is  mostly  used  locally  and  by 
ocean  steamers.  In  some  parts  of  Tierra  del  Fuego  there  is  a  good 
deal  of  timber  of  the  magnolia,  beech,  and  other  varieties,  which  can 
be  used  as  fuel,  but  in  other  localities  it  is  scarce.  All  over  the  region 
there  is  a  great  deal  of  peat,  and  efforts  are  now  being  made  to  use 
this  as  fuel. 

The  season  during  which  mining  can  profitably  be  carried  on  is 
about  eight  or  nine  months,  from  August  to  May,  while  during  the 
rest  of  the  year  frost  and  snow  hinder  operations.  The  capital  at 
present  invested  in  the  industry  is  mostly  Chilean  and  Argentine,  but  it 
seems  probable  that,  as  the  region  becomes  better  known,  other  capital 
may  be  attracted  to  the  gold  deposits  of  this  far-south  country.  No 
very  definite  statistics  of  the  production  of  gold  in  the  early  days  in 
the  region  are  obtainable,  but  until  recently  it  has  been  small,  and 
probably  not  very  many  hundreds  of  thousands  of  dollars  had  been 
produced  up  to  the  time  of  the  introduction  of  the  steam  dredges. 
With  these,  however,  the  production  will  probably  be  greatly  increased. 
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The  Kmeaones  of  the  Appalachian  Valle>',  which  in  the  South  are 
separaied  inio  many  formations,  have  generally  been  treated  as  a  unit 
in  the  North  under  the  name  Shenandoah,  or  other  local  terms,  such 
as  Valley.  Lancaster.  Kittatinny,  and  York.  These  rocks  include 
all  the  strata  between  the  Cambrian  quartzites  of  Georgian  age  and 
the  Martinsbiirg  »;'Huds(Mi")  shale  of  Ordovidan  age. 

In  a  paper  on  the  sedimentary  rocks  of  South  Moimtain'  the  author 
briefly  described  the  formations  comprising  the  Shenandoah  group 
in  southern  Penns>-l\"ania-  Later  studies  of  these  rocks  in  the  Cum- 
berland Valley  of  PennsylN-ania  have  furnished  data  for  a  more  complete 
description  of  the  group,  including  the  faimal  content  and  correlation, 
based  on  determinations  by  E.  O.  Ulrich. 

The  formations  comprising  the  Shenandoah  group  in  southern 
Pennsylvania  are  as  follows: 

i  Eden 

Maninsburg  formation                             j  Utica  \ 

.  Upper  Trenton  I 

/  Lower  Trenton  f 

Chambersburs:  limestone  100-600  feet        .         -„  '^   Ordovidan 


I  Low^'ille 

'  Upper  Chazy       V 

Stones  River  limestone  Soo-iooo  feet  Lower  and  I 

middle  Chazy   J 

Beekmantown  limestone  2250-2300  feet      Beekmantown 

ContKocheague  limestone  1635  =  feet        Saratogan 

Elbrook  formation  3000  =  feet     (  ^^adian  f 

Wa\-nesboro  formation       1 250  ±  feet    )  *  ^    Cambrian 

Tomsiown  limestone  1000  z=  feet 

Antietam  sandstone 


I  Georgian  / 


The  general  structure  of  the  Cumberland  Valley  is  a  monocline, 
the  oldest  rocks  of  the  Shenandoah  group  resting  against  the  Cam- 

I  Published  with  the  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
a  Jour,  oj  Geol.,  Vol.  XIV,  1906,  pp.  201-20. 
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brian  quartzites  of  South  Mountain  on  the  east,  and  the  youngest 
rocks  passing  beneath  the  Ordovician  shales  and  sandstones  of  North 
Mountain  and  its  associated  ridges  on  the  west.  The  monocline  is 
not  simple,  however,  but  is  modified  by  numerous  folds  and  faults 
that  either  repeat  the  strata  or  conceal  them. 

The  following  detailed  descriptions  relate  chiefly  to  the  portion  of 
the  Valley  in  the  Mercersburg  and  Chambersburg  15-minute  quad- 
rangles, which  lie  just  north  of  the  Maryland  state  line,  but  brief 
references  are  made  to  the  Carlisle  quadrangle  at  the  north  end  of 
South  Mountain. 

TOMSTOWN   LIMESTONE 

The  Tomstown  limestone  is  not  well  exposed  because  of  its  near- 
ness to  South  Mountain,  where  the  surface  is  thickly  covered  by  wash. 
It  is  composed  largely  of  limestone,  both  massive  and  thin  bedded, 
in  part  cherty,  with  some  shale  interbedded  near  the  base.  On 
account  of  its  relative  solubility  it  forms  a  depression  or  valley  between 
the  mountain  and  the  irregular  line  of  low  ridges  and  knobs  of  the 
Waynesboro  formation.  Its  thickness,  computed  from  the  width  of 
its  outcrop  and  the  dip  of  its  beds,  is  about  1,000  feet. 

The  base  of  the  formation  is  largely  concealed  but  comprises  some 
hydromica  shale  interbedded  with  the  limestones  resting  on  the 
uppermost  beds  of  Antietam  sandstone.  The  top  of  the  formation  is 
placed  at  the  first  sandstones  of  the  Waynesboro  formation. 

In  the  eastern  or  Chambersburg  quadrangle  the  Tomstown  lime- 
stone forms  a  belt  about  one  mile  wide  along  the  foot  of  South  Moun- 
tain, spreading  out  to  nearly  double  that  width  in  places.  At  Little 
Antietam  Creek  it  is  offset  by  a  diagonal  fault  and  extends  up  the 
Antietam  Valley  into  the  mountains  several  miles. 

But  few  fossils  have  been  found  in  this  formation.  At  Roadside, 
in  the  upper  limestones  of  the  formation,  excellent  specimens  of 
SaUereUa  sp.  imdet.,  with  the  characteristic  invaginate  structure,  were 
obtained.  Mr.  Walcott  also  found  in  this  limestone,  at  the  foot  of  the 
moimtain  east  of  Little  Antietam  Creek,  KtUorginia  n.  sp.  and  frag- 
ments of  Olenellus.  These  definitely  determine  its  age  as  Georgian 
(Lower  Cambrian). 

In  central  Virginia  a  formation  1,600  to  1,800  feet  thick,  occupying 
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about  the  same  interval  but  apparently  including  beds  which  in  the 
Chambersburg  area  are  calcareous  sandstones  and  are  m^ped  with 
the  oveilying  Waynesbcxo  formaticMi,  has  been  named  Sherwcxxl 
lime^one  by  H  D.  CampbdL  The  new  name  Tomstown  is  from 
a  village  in  the  Chambersburg  quadran^e.  The  formation  has  been 
recognized  also  in  the  Carlisle  quadrangle  to  the  north^^where  it  forms 
a  deeply  weathered  belt  about  the  foot  of  the  moimtain,  largely  covered 
by  wash. 

WAYNESBORO  FORMATION 

The  \Va\Tiesboro  formation  is  a  series  of  sandstones,  purple  shales, 
and  limestones  oveiijing  the  Tomstown  formation.  Because  of 
its  resistant  siliceous  character  it  forms  hills  and  knobs^  parallel  to 
the  mountain  front.  At  the  base  are  very  siliceous  gray  limestones 
that  weather  to  slabby  porous  sandstone^  large  roimd  masses  of 
rugose  chert,  and  white  vein  quartz. 

In  the  middle  of  the  formation  are  dark-blue  to  white  subcrystalline 
limestones  and  dolomites,  which  become  ^ceous  upward  and  merge 
into  mottled  slabby  sandstone  and  dark-purple  ^ceous  shale  at  the 
top.  The  thickness  of  the  formation,  computed  from  the  width  of 
outcrop  and  dips,  and  allo\N'ing  for  minor  folding,  is  1,250  feet. 

The  formation  occupies  a  belt  about  one-half  mile  wide  along  the 
east  side  of  the  Cumberland  Valley  in  the  Chambersburg  quadrangle. 
Its  most  complete  development  is  in  the  hills  northeast  of  Waynesboro, 
from  which  its  name  is  taken.  It  has  been  traced  northward  beyond 
Mt.  Holly  Springs  in  the  Carlisle  quadrangle,  but  is  there  seldom 
exix)sed. 

The  only  fossils  found  in  this  formation  are  a  few  poorly  preserv^ed 
shells,  two  of  which  are  identified  as  Obolus  (Lingulella)  sp.  undet. 
They  were  obtained  from  sandy  shale  at  the  very  top  of  the  formation, 
just  east  of  Waynesboro.  They  suggest  Acadian  (Middle  Cambrian) 
age  but  arc  not  conclusive. 

In  central  Virginia  the  Bucna  Vista  shale,  described  by  H.  D. 
Campbell,  is  at  this  general  horizon,  but,  as  preWously  stated,  appar- 
ently has  a  different  lower  limit.  It  is  described  as  bright  variegated 
shale,  600  to  900  feet  thick,  with  mottled  limestone  and  shale  in  the 
lower  part.  Mr.  Walcolt  found  in  it  a  species  of  Ptyclwparia  related 
to  Acadian  (Middle  Cambrian)  species  of  Tennessee. 
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ELBROOK  FORMATION 

The  Elbrook  formation  is  the  thick  series  of  gray  to  light-blue 
shaly  limestone  and  calcareous  shale  that  overlies  the  purple  Waynes- 
boro formation. 

The  formation  is  decidedly  shaly,  most  of  the  included  limestones 
being  minutely  laminated  and  weather  readily  into  calcareous  shaly 
plates.  When  imweathered  the  limestone  appears  massive  and 
homogeneous  and  in  places  is  quarried. 

Near  the  middle  of  the  formation  are  massive  beds  of  dolomite  and 
very  siUceous  or  quartzitic  limestone  that  weathers  to  porous  slabby 
sandstone  and  frequently  forms  knobs  and  ridges.  The  formation  is 
limited  above  by  limestone  conglomerates  containing  rounded  vit- 
reous quartz  grains  and  others  containing  tabular  fragments  of  lime- 
stone, which  characterize  the  base  of  the  overlying  formation. 

The  thickness  of  the  Elbrook,  determined  on  the  two  Umbs  of 
the  imsymmetrical  syncline  west  of  Quincy,  is  about  3,000  feet. 

The  Elbrook  formation  crosses  the  Chambersburg  quadrangle  in 
a  belt  about  2  miles  wide,  with  numerous  projections  and  re-entrants 
due  to  intricate  folding.  It  has  also  been  traced  across  the  Carlisle 
quadrangle  where  the  character  of  the  limestones  is  the  same,  but 
shales  increase  in  prominence.. 

The  only  fossils  found  in  this  formation  were  fragments  of  trilobites 
obtained  from  rather  pure  limestone  near  the  base  northeast  of 
Waynesboro.  The  age  of  the  rocks  could  not  be  determined  from 
these  fragments,  but  they  suggest  Acadian. 

The  limestone  was  once  extensively  quarried  for  ballast  for  the 
Western  Maryland  Railroad  at  Elbrook,  in  the  Chambersburg  quad- 
rangle, from  which  the  name  of  the  formation  is  taken. 

CONOCOCHEAGUE   LIMESTONE 

The  Conococheague  limestone  is  characterized  by  beds  containing 
thin  sandy  laminae  and  quartz  grains  that  weather  into  hard  shale  frag- 
ments and  thin  slabby  sandstones  which  generally  give  rise  to  rocky 
hills  and  rugged  topography. 

The  base  of  the  formation  is  usually  easily  determined  because  it  is 
marked  by  siliceous  beds  and  conglomerates  that  produce  a  ridge. 
The  conglomerates  are  of  two  kinds;   one  is  composed  of  rounded 
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li=x<iixx:  zjf^jbacs,  I  inch  or  more  in  size,  in  a  matrix  containing 
a..."jrToc^  Tfxznd  coarst  pains  of  Titreous  quartz;  the  other  is  com- 
potsec  oc  iocs  iksifckr  iragments  of  Emestaoe  in  a  calcareous  matrix, 
wrnarr:,  becaiiiae  :be  tragments  are  tihed  at  various  an^es,  is  called 
"edsrsiie*'  bed.  Inierfaedded  with  the  coo^cHnerates  are  oolites  and 
dark  ^lair  Emesaioes  vitfa  red  day  partings. 

The  body  of  the  formation  is  a  closely  banded  dark  blue  limestone, 
the  ba:>i5  var^iiiig  from  one-half  inch  in  width  to  minute  laminae. 
The  banding  is  incmspicuous  in  the  fresh  rock  but  is  brought  out 
in  weaihicring  as  yellowish  sandy  streaks  across  a  U^t-blue  or  gray 
surface.  Toward  ihe  top  these  partings  become  more  numerous 
and  sandy,  and  weather  into  hard  sandy  plates  and  sheets.  Chert 
is  not  an  important  constituent  of  the  formaticm  in  the  Chambersburg 
and  Mercer^urg  quadran^ks. 

The  thickness  oi  the  formation  is  about  i,6oo  feet. 

A  sectioo  measured  at  Scotland  is  as  fdlows: 

Ratber  purr.  Kght.  dtdty  or  platy  timestone,  pfobably  Beekmantown- 
9c  feet.    Graculv  crystalliDe  fimestone  coDtminiiig  coarse  "edgewise"  con. 
ei:-=::«^ie.  <x»Ifte,  auid  pink  marble,  with  numerous  slaty  partings 
wearhering  to  listening  shale  particks. 
Covered. 

Fir.e-iTrainei.  pure,  light  limestone,  "edgewise''  conglomerate  am! 
CT  :>S5  •  eicerd  limestone  containing  quartz  grains 
Civere-d.     Ltjwer  ponion  contains  impure  dark  limestone  and  large 
'tiar.iei  chert. 

Bar.  :ei.  -ia-k  and  li^ht  limestone. 

Dark,  rather  p»ure  limestone  containing  trilobites  and  oolite,  with 
arL'Llacei^'Js  t^anings  weathering  to  soft  shale  or  slaty  partings. 
Massive  light-colored,  dense,  even-grained  limestone,  with  few  fluted 
siliceous  partings. 
Covered. 

Corrugated   impure   siliceous  banded   limestone  and   hackly  shaly 
limestone. 

Dense,  black,  rather  pure  limestone. 
Massive  Ijeds  of  crumpled,  siliceous  banded  limestone. 
Dense  siliceous  banded  limestone  with  "edgewise"  conglomerate, 
cr}*ptozoan,  and  sandstone  beds  at  the  base. 

1635  feet,  total. 

The  Conococheague  limestone  occurs  in  a  broad  sinuous  belt 
crossing  the  Chambersburg  quadrangle  from  south  to  north.  It  is 
plicated  into  many  folds  northwest  of  Waynesboro,  marked  by  ridges 
of  rough  topography,  and  just  south  of  the  Chambersburg  pike  its 
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basal  member  forms  a  high  elbow  ridge,  which  is  faulted  off  on  the 
west  side. 

A  wedge-shaped  inlier  of  Conococheague  is  brought  to  the  surface 
by  an  anticline  in  the  vicinity  of  Welsh  Run,  in  the  Mercersburg 
quadrangle,  where  the  rocks  are  similar  to  those  in  the  Chambersburg 
area,  but  the  siliceous  banding  is  less  pronounced.  In  the  Carlisle 
quadrangle  neither  the  basal  siliceous  beds  nor  the  sandy  laminated 
beds  at  the  top  are  prominently  developed. 

Few  fossils  have  been  found  in  this  formation,  and  such  as  have 
been  collected  are  poorly  preserved  and  difficult  of  determination.  At 
the  base  a  few  good  specimens  of  trilobites  and  brachiopods  were 
obtained  in  the  western  portion  of  Scotland,  and  fragments  of  the 
same  were  seen  in  the  basal  conglomerate.  These  comprise,  Dikelo- 
cephalus  hartii  Walcott;  D,  sp.  undet.;  and  BUlingsella  like  B.  des- 
mopleura.  The  trilobites  place  this  part  of  the  formation  definitely 
in  the  Saratogan  (Upper  Cambrian).  In  the  basal  conglomeratic 
beds  a  species  of  Crypiozoan,  probably  C.  proliferum  Hall,  charac- 
terized by  a  mammiferous  surface,  the  elevations  ^  to  i  inch  in  diame- 
ter, is  rather  generally  present.  In  cross  section  the  fossil  appears  to 
consist  of  thin  closely  folded  laminae,  and  is  illustrated  in  the  writer's 
former  paper.* 

These  siliceous  banded  limestones,  together  with  overlying  finely 
laminated  purer  rocks,  were  previously  described  by  the  writer  under 
the  name  Knox  limestone.  The  differentiation  of  the  upper  rocks  as 
a  separate  formation,  next  to  be  described,  necessitates  the  giving  of 
a  new  name  to  these  lower  beds,  apd  Conococheague,  the  name  of 
the  large  stream  on  the  banks  of  which,  in  the  town  of  Scotland, 
the  best  exposures  occur,  has  been  selected.  The  Conococheague 
and  the  overlying  Beekmantown,  therefore,  comprise  the  Knox  group. 

BEEKMANTOWN   LIMESTONE 

The  Beekmantown  is  a  rather  pure  limestone  lying  between  the 
siliceous  Conococheague  below  and  the  very  pure  Stones  River  above. 
A  minutely  laminated  appearance  on  weathered  surfaces  of  many  of 
the  beds,  due  to  their  impurities,  and  pink  to  white  fine-grained 
limestone  or]marble  are  characteristic  features  of  the  formation.   Near 

*  Loc.  cU.  p.  217. 
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±!e  base  int  ^lBdnxis  banded  beds  and  large ''  edgewise  "  conglomerate, 
cixeiy  rxftar-Thfrng  the  Conococbeague  formation.  These  have  been 
seTiir&rei:  15  a  rraoarioD  phase  under  the  name  Stonehenge  member 
oc  :be  B«i=iiri:own. 

TS*  besc  expcfcsure  of  the  formation  in  the  Chambersburg  quad- 
rizirie  is  Ad>jtn^ng  the  Chambersburg-Gettj'sburg  pike,  where  the 
JouL^wiza:  ox:i;*(xsite  sectioo  has  been  measured  by  Mr.  Uhich  and 

ivirmieflC^n:^  S^ntwmy  i  ilik  East  of  Chambersburg. 

Bhfese  of  Sacoes  Rrrer  onntifnmg  fine  limestone  conglomerate  and 

i&znur  aad  <M&k  chert. 
x>c  MC    Izxr^miied  nae-fraiaed  pure  limestDiies  and  magnesian  limestones, 

isKJt  aanoiaaed  xn  part  and  cnntifnmg  smaD  quartz  geodes.    Porous 

saair  c^ot  memr  id{)l    Dark  hjers  near  base,  mottled  by  magnesian 

=s&9e»I  chat  v«axhers  cot,  karing  pits  and  holes,  contain  numerous 

CKsanvfKds  and  astracoda. 
:^  fwc    .\l%rsiS2M:  pcre  dof«  and  gray  limestoiies  and  magnesian  limestones, 

v::^  ^vier  ot  saair  chert. 
:cc  :er?c.    B*",;^?^  ro  ior^  ia^-frained  fossiliferous  limestone,  at  the  base  con- 

tL:"::."rj:  r>xir:cei  qjarti  criinSw 
r*5  :\^:     Pi-i.  f-7.^r  cTAizei  niirbie,  containing  layers  of  milky  quartz  chert. 

0-jL>:«'r:rvvi>  oc    ibe  eenus  Ophilela,   Madurea,  and   Eccylioptems 

->^  :i':r:     ?*~r;-  i.  "^^  i.".:  riue,  dze-iejained  limestone,  with  some  pink  limestones. 

C.rii.-\5  :rjLc:::er.:s  of  TrUobites. 
:^c  :;v:      r  - ^f-cri.ir-e'i  io\^  :o  dirk-smy  limestone  with  fine  conglomeratic  and 

.V   :::  "rois.     Aburidint  chert  in  upper  pjortion,  in  part  oolitic  and 

2^5  :>e:.    K-r.^r-c"Ai"e»i  Ixh:- to  dirk-gray  limestone  containing  contorted    x 

ltrL-.:r^e  of  sizdy  z::i::er,  that  stand  in  relief  or  fall  to  sandy  I  5 
yhjL>  o~  weatherlzi:.  and  thkiL  beds  of  "edgewise*'  conglom-  /  ^ 
erd:e.  Conra-ir.  Gastervjxxis  in  upper  portion  and  fine  frag-  I 
rr.er.rs  or  Trl!obi:es  in  lower  part. 

xc  fee:.  Dark-  :o  !ii:hi-<Tay  limestone,  with  sandy  laminae  less  developed 
:har.  ir.  o\^rl\-:r.g  bedi^  Contain  Orthis,  Ophileta,  and  Trilo- 
bite  frxirrsentSL 

Top  of  Conococbeague.  containing  contorted  sandy  laminae  and  beds 
of  cvxirse  limestone  coajjlomerate. 


2,265  ^^^  total. 

In  the  Mercersburg  quadrangle  an  excellent  section  of  the  Beek- 
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mantown  occurs  on  Licking  Creek  near  its  mouth.  Unfortunately  the 
upper  part  of  the  formation  is  not  exposed  in  the  creek  bank  and  is 
complicated  by  folding.  The  section  measured  by  Mr.  Ulrich  and 
the  writer  is  as  follows: 

Beekmantown  Section^  near  Mouth  oj  Licking  Creek. 

Interbedded  pure  and  magnesian  limestones  of  Stones  River  type. 

340  feet.  Light  gray  finely  laminated  magnesian  limestone  and  white  dolomite, 
with  cherts  of  rosette  type  at  the  top. 

140  feet.    Dark  and  light,  coarse  dolomite. 

Rocks  here  folded  and  largely  covered;  contains  white  domolite,  dark- 
blue  oolitic  limestone,  and  dark  coarse  dolomite  with  yellow  blocky 
sandstone  fragments  and  rosette  cherts.  Exact  continuity  indeter- 
minable, but  the  previous  beds  are  apparently  repeated  by  folding. 

350  feet.  Interbedded  pure  and  magnesian  limestones,  with  beds  of  coarse  dark 
dolomite,  and  in  the  lower  part  beds  of  ** edgewise"  conglomerate; 
at  base  contains  Gasteropods,  Cephalopods,  and  Trilobites. 

170  feet.  Largely  finely  banded  magnesian  limestone  with  few  pure  limestones. 
Contains  fine  conglomerate  beds  and  Gasteropods. 

130  feet.  Largely  dolomite,  some  coarse  and  dark.  Large  scoriaceous  black 
chert  and  coarse  sandstone  at  the  base. 

290  feet.  Chiefly  dolomite,  coarse  and  dark  in  upper  part,  with  occasional  piu*e 
fossiliferous  limestone.  Bed  of  granular  limestone  with  numerous 
Ophileta  and  pinkish  fine-grained  limestone  near  middle,  crossbedded 
banded  limestone  at  base  locally  unconformable  on  imderlying  beds. 
65  feet.  Fine-grained  limestone  seamed  with  calcite  and  dolomite  beds,  with 
flinty  chert  containing  Cryptozoan  at  the  base. 

130  feet.  Partly  covered.  Lower  part  pure  dark  limestone  with  few  beds  of 
finely  laminated  magnesian  limestone  and  fine  white  oolite  near  base. 
Small  rough  chert  with  casts  of  crystal  at  the  base. 

165  feet.  Light-blue  limestone  with  fine  contorted  sandy  laminae  that  weather 
in  relief.  Contains  fine  dark  conglomerate  with  red  limestone 
pebbles  and  fragments  of  Trilobites. 

530  feet.    Purer  fine  even-grain  limestone  with  few  sandy  partings. 

Sandy  laminated  limestone,  much  contorted,  of  the  Conococheague 
formation. 


2,310  feet,  total. 

The  details  of  the  sections  in  the  two  areas  are  quite  unlike. 
Whereas  beds  of  pure  limestone  and  marble  are  conmion  and  chert 
infrequent  in  the  Chambersburg  section,  the  reverse  is  true  in  the 
Licking  Creek  section.    The  pure  limestones  have  been  extensively 
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r»  aad  Scondicnge  east  of  Chambersburg. 
Iz.  rife  \tir?=ric<=:x  q^acrarak,  diert  is  sufficiently  plentiful  in  the 
acC  itr.T^i  frrcr  ±!e  Beir£B:amo«ii  lo  produce  low  ridges.  One 
birrJvrc  -^  f:;s:  licT*;  i>e  sSoeocs  banded  Emestone  of  the  Stonehenge 
-rrfTTtir  i::^!  ri  iS*  MTtroersbcr?  area  is  included  with  the  siliceous 
rcj^.  Tbi  cbiT^  XT'  oc  Tariocis  fonns.  Some  are  large,  rough, 
2c:cjc^>::i>  ^iLSsek  others  are  dmtr  in  texture,  banded,  brecciated, 
CT:i-lir-  jJDi  >:c5c:  ThiSe  tbe  caaa  unique  forms  are  composed  of 
f^tr-lnrofei  r.'^j^r::^^  nit?t:::ib£ng  heads  of  caulidower.  A  Cnptozoan, 
iic^TicilT  re  ±ic  5C<tOt!S  described  by  \llncheQ  as  C.  minnesoUnsae^ 

.\r:  v^cier  Sxircci  oc  cberis.  many  of  the  small  rosette  form,  occurs 
x:  121  r:c  ^:  iik  Bc«=iiz:own  in  both  areas,  but  is  a  ridge  maker 
in  ±1-  McrcerjCw*:  q-,i»driade. 

Tht  Eeeic-MrioTgn  HmestODe  is  one  of  the  most  widely  distributed 
KXTr-i5oci5  in  ±e  area,  cccurring  in  a  broad  belt  across  the  western 
iulf  ."f  :he  ChinSersbur^  quadran^,  and  in  several  anticlinal  areas 
in  :he  Mercxriour^  quAlranrie,  Its  outcrops  are  generally  deeply 
c.-.^r.-:  -"::r.  s.il  -^v.h  infrt^^utn:  exposures,  and  furnish  excellent 


Ir.  :-^.-  ;,u-:.rr.  'r<l:  ::  :<  ck\H:Iy  fokied  in  common  with  the  enclosing 
l:r:.>:  r.:<.  jlt.  :  ::5  ou:cr?r  :<  o^nsequenily  ven*  irregular  in  outline 
ir. :  -:  ::h.  !::  :hv  Mircer>buri:  quadrangle  it  forms  large  lens-shap)ed 
drii.>  :r.  :>-^  j.r/.:jl:r-Al  ur::::5  of  Welsh  Run-Eden\ille,  Mercersburg, 

.\l:h?u^h  ::s  :j.ur^  h^  been  preWously  obser\-ed  at  various  places 
in  :he  Appalachijn  Willey.  the  Beekmantown  has  not  heretofore  been 
rtx  .^^izc-c  as  a  olis:inc:  formauon  in  this  region,  and  little  is  known 
of  ::s  exten:  bcyon^i  the  immediate  ridnity  of  the  area.  It  b  kno\Mi 
to  rr.jlntain  its  lithologic  and  faunal  characters  as  far  northeast  as 
MLxhanicsburg.  Pa.  .\I:hough  sparingly  fossiliferous  as  a  whole, 
a  rather  large  variety  of  forms  have  been  collected  in  this 
area. 

The  lower  portion  of  the  formation,  including  the  Stonehenge 
member,  is  characterized  by  Ophikta  comphnaia  and  of  the  13 
species  collected  the  following  have  been  identified  bv  Mr. 
Uhich: 
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Rhabdaria,  cf.  R.  fragilis  Billings.  Maclurea  afiinis. 

Calathium  sp.  undet.  Ecqrliopterus. 

Orthis  wemplei  ?  E.  triangulus. 

Ophileta  complanata.  Bathyums  near  B.  conicus. 

In  the  middle  of  the  formation  two  faunas  have  been  distinguished. 
The  lower  one,  characterized  by  horn-like  Opercvla,  small  IsochUina, 
Hormotoma  artemesia,  and  large  thin-shelled  Maclurea,  occurs  in 
both  quadrangles  and  good  collections  were  made  at  Licking  Creek 
and  near  McConnellsburg.  15  species  were  collected  of  which  the 
following  have  been  tentatively  determined: 

Orthis  cf.  electra.  Eccylioptenis,  cf.  triangulus. 

Maclurea  affinis.  Isotelus  canalis. 

Horn-like  opercula  of  an  otherwise  Bathyurus  cf.  conicus. 

unknown   gasteropod    for   which  B.  caudatus. 

Mr.  Ulrich  suggests  the  generic  Amphion  cf.  salteri. 

name  Ceraiopea.  Leperditia     cf.     Primitia     gregaria 
Liospira  canadensis.  Whitfield. 

The  upper  fauna  of  the  middle  division,  characterized  by  Syn- 
trophia  lateralis  and  found  only  at  Stoufferstown,  is  as  follows: 

Syntrophia  lateralis.  Liospira  cf.  laurentina. 

Maclurea  ?  sordida.  Orthoceras  cf.  primigenium. 

In  the  upper  part  of  the  formation,  which  is  characterized  by  high- 
spired  turritelloid  gasteropods  and  by  OphUeta  disjuncla,  17  species 
have  been  collected  from  the  quarry  at  Stouflferstown,  and  the  fol- 
lowing tentatively  identified  by  Mr.  Ulrich: 

Orthis  (?  Dalmanella)  electra.  Hormotoma  gracilens. 

Maclurea  cf.  M.  oceana.  Lophospira  cf.  Murchisonia  gregaria 

Ophileta  ?  disjuncta.  Billings. 

Solenospira  cf.  pnsca.  Cyrtocerina  cf.  mercurius. 

Turritoma  acrea?  Trocholites  intemestriatus. 

Mr.  Ulrich,  who  determined  all  the  fossils  described  under  this 
and  succeeding  headings,  correlates  the  foregoing  lists  with  the  Beek- 
mantown  of  New  York,  and  that  name  is  therefore  applied  to  the 
formation. 

STONES  RIVER  LIMESTONE 

Above  the  Beekmantown  is  a  considerable  thickness  of  very  pure 
limestones  with  occasional  magnesian  layers.  The  greater  portion 
of  the  limestone  that  is  burned  for  lime  in  this  area  b  obtained  from 
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this  iormaiioQ.  In  general  the  fonnatUHi  is  composed  of  three 
di^iacxis : — a  middk  band  of  massive  pure  granular  limestone  contsdn- 
ing  ibe  lar^e  gasteiopod  Madurea  magna  and  thin  beds  of  black  chert 
tha:  weaiher  into  small  rectangular  Uocks;  an  upper  series  of  thin- 
bedded  pure  Emestone;  a  lower  series  of  interbedded  masave  pure 
beds  and  magne^an  layers. 

These  diviskxis  cannot  be  readily  distinguished  in  all  parts  of  the 
area,  and  at  no  place  can  the  complete  section  be  seen  because  the 
beds  are  several  times  repeated  by  folding  and  the  outcrops  are  not 
conunuously  e3qx)ised. 

The  following  is  a  composite  secticm  of  the  formation  in  the  Cham- 
bersburg  belt : 

Feet 

Thin-bedded,  fixie-gruiied,  pore,  dove  Umestone.  275+ 

Massrre  pure  Hmftstonr  cootaining  Madorea  magna  and^black  chert  layers. 
Upper  part,  compact,  bhie  to  dark;  lower  part,  light  gray,  granular 

and  oolitic 150-200 

Massrre  and  thin-bedded  hmestooe  interbedded  with  magnesian  layers    .  600+ 

Total    1050+ 

In  the  western  bells  the  cherrv'  Maclurea  horizon  was  not  clearly 
obsvrvcvl  and  rhe  three-fold  dixision  could  not  be  made.  At  West 
Branch  of  Conococheague  Creek,  south  of  the  Mercersburg- Green- 
castle  pike,  its  thickness  was  determined  at  800  to  1,000  feet. 

In  McConnellsburg  Cove,  west  of  Tuscarora  Mountain,  the 
exr-osures  are  exceptionally  meager.  At  a  quarry  south  of  the 
Mercersburg  pike  the  formation  as  exposed  comprises  about  575 
feet  of  interbedded,  pure  and  banded  magnesian  beds  with  ver)'  pure 
nne-grained  dove  limestone  at  the  top. 

The  formation  crosses  the  Mercersburg  and  Chambersburg  quad- 
rangles from  north  to  south  in  five  belts.  The  eastern  belt  lying  in  the 
Chambersburg  quadrangle  is  intricately  folded  and  faulted,  and  com- 
prises several  parallel  strips. 

In  the  next  limestone  belt  to  the  west,  the  Welsh  Run-Edenville 
anticline,  the  Stones  River  forms  a  narrow  strip  about  \  mile  in 
width  on  either  side  of  the  Beekmantown.  In  the  Mercersburg  belt 
it  occurs  as  two  narrow  faulted  strips.  In  the  Foltz  and  McCon- 
nellsburg limestone  belts,  its  outcrops  are  largely  covered. 
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Few  fossils  have  been  found  in  this  formation,  except  in  the  middle 
chert-bearing  portion.  These  consist  chiefly  of  gasteropods,  ostra- 
coda,  cephalopods,  and  bryozoa.  A  few  ostracoda  {Leperditia  fabu- 
lUes)  and  Tetradium  ^^ syringoporoides^'  can  usually  be  obtained 
from  the  fine  even-grained  beds  in  all  parts  of  the  formation;  22 
species  were  obtained  from  the  subgranular  beds  of  the  middle 
division,  and  the  following  have  been  tentatively  identified  by  Mr. 
Ub-ich: 

Stromatocerium  sp.  nov.  Dinorthis  of.  platys. 

Tetradium    "syringoporoides" — the  Strophomena  aff.  S.  charlottae. 

single-tubed  form  of  this  genus  so  Bucania  sulcatina. 

characteristic  of  the  Stones  River.  Maclurea  magna. 

Glyptocystites  sp.  undet.  Lophospira  bicincta. 

Lingulella  ?  belli  (Billings)  Isochilina  cf.  amiana. 

Hebertella  borealis.  Ampyx  halli. 
H.  vulgaris 

The  massive  shells  and  opercula  of  Maclurea  magna  arc  the  most 
characteristic  fossils  of  this  division.  From  the  standpoint  of  cor- 
relation the  most  noteworthy  feature  of  the  above  list  is  that  no  less 
than  eight  of  the  species  occur  in  the  middle  Chazy  of  the  Cham- 
plain  Valley. 

Although  only  Leperditia  fabtdiieSy  L.  cf.  amiarui,  and  Lingula 
manteli  were  obtained  from  the  lower  beds  of  this  formation  in  this 
area,  12  species  were  collected  30  miles  down  the  valley  at  Martins- 
burg,  W.  Va.,  by  Mr.  Ulrich  and  the  writer,  of  which  the  following 
have  been  determined: 

Solenopora  compacta  var.  Lophospira  cf.  perangulata. 

C3rrtodonta  sp.  nov.  Helicotoma  ?  sp.  nov. 

Matheria  sp.  nov.  Oncoceras  ?  sp.  undet. 

Liospira  cf.  obtusa.  Leperditia  fabulites. 

The  fossils  as  well  as  the  litholo^c  character  of  this  formation  are 
so  nearly  the  same  as  those  of  the  Stones  River  limestone  of  Tennessee 
that  they  are  regarded  by  Mr.  Ulrich  as  identical,  and  the  name 
Stones  River  is  therefore  applied. 

CHAMBERSBURG  LIMESTONE 

The  Chambersburg  limestone  is  the  uppermost  division  of  the 
Shenandoah  limestone.    It  is  characterized  throughout  the  area  by 
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ktiisizicvix^  ihin-lKdded  Gmestones  with  ar^llaceous  partings.  It 
\*Ar:r<  :s  :hicijie«;$  across  the  strike  from  a  maximum  of  600  feet 
ui  :hc  ChAmbfTsbun:  belt  to  about  100  feet  in  the  McConnellsburg 
Coxw 

1:>  n\>s:  ix^^al  devefopment  is  in  the  Chambersburg  belt  through- 
oc:  >E^  hvh  Kvssiils  an?^  abundant.  Th^  following  section  in  the  r^oad 
cu:  :  ♦  miles  wc«  erf  Kauffman  is  the  most  complete  continuous  section 

Feet 

I  ATJCc-V  vVCK>»j>^l  be:  pcv^intbhr  chiedr  shale  (near  the  top  are  black  carbon- 
4c^v::»  h:=:K^«^>Qe  with  ccochoida]  fracmre,  shaly  dark  crystalline 
>.rr:«rtc;.>cie.  :hi3  su>i§tv>iK;  and  10  feet  of  coarse  crystalline  limestone 

v\^u:Ti:rj:  LiiyT'^lfcs' 150 

CAx-ursNSij  j^Ax*  Aasi  Kaxstow 100 

NsvixUr  ciixffv  l::»f«o«e 50 

IXiri  :\jir*  hr,'jrtCv>o<' 94 

i\vrr:\tv*t  .viri  *:::»«^>.>Qe.  intrT  KxssiKteroas 108 

Cv>NS^  '.ir,'s«cv>C!if  <v>r.uiain$  nuznefous  XiduUtes»  bryosoa,  and  a  layer  of 
vxv::.,!  'Nwi.-ii  105 

Total  607 

V^.  xV>V>.  '  v'^AravTUT  v^:  the  weathered  outcrop  of  certain  of 
:'">  '  .•>  i.Lv  :.^  ,1  'A,i\\  Uri^inaiion  or  clay  parting  that  crosses  the 
K'i/  ^^  /.:  .-  "•;;'  .i::clv  .mvi,  or.  weathering,  gives  rise  to  rounded 
!.*:  ....,;:  -'Mnv.^  rv>v  .^ib'.ir.c  rv^uch  cobbles,  s  one  of  the  noticeable 
!\\*.:..'v>  V  f  :  ;>  :\^rvM:>r..  The  upper  200  feet  of  the  formation  is 
Ov^' '  \ -v\i  ..ir^..\   .^:  shale  w::h  interbevided  thin  fossiHferous  lime- 


Ir.  :  u  Wvlsh  Kur.  Fv:cn\^ile  belt,  2\  miles  southeast  of  Mercers- 
burc    :"v  t.^lloAinc  >*.v::on  ^xvurs  on  the  banks  of  West  Branch  of 

Fee: 
F:N>:.e   >b^!c  vvr.uiirlna:  grjiixolitxfs   and     \ 
:i"C:'A5    ,     ^     ^  *  / 

CjL!s."-drxvu>    bljLok  >hjLle    and    hari   thin        Mardnsburg  shale. 

rex?:.  ' 

Grjir.vxn-suILir.e  liniestv^ne,  foc5siIiierv>us 2 

Cobbly  .lark  <ubvT)-^:aIIir.c  limesrone,  both  massi^-e  and  thin-bedded  ...       73 
Cc^rse  mjLSjiive  gracvx-n^ralline  limestone  with  massive  beds  of  pure  fine- 
grained limestone re 
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Platy  granocrystalline  limestone,  fossiliferous 25 

Dark,  subcr3rstalline  limestone  with  wavy  partings  of  shale,  fossiliferous  .     .     150 
Very  thin-bedded  pure  fine-grained  drab  limestone  followed  by  more  massive 
pure  beds  with  magnesian  layers  xind  fine  laminations  (Stones  River) 

Total    325 

The  following  section  was  measured  i\  miles  west  of  Markes  on 
the  west  side  of  the  Mercersburg  belt: 

Feet 

Fissile  and  calcareous  shale  (Martinsburg) 

Thick  bed  of  coarse  crystalline  gray  limestone,  fossiliferous 5 

Thin  bedded  and  cobbly  dark  limestone  with  Nidulites  and  Monoirypa 

^remi5^/rer»cu5  in  upper  part 45 

More  massive  limestone,  banded  in  part 45 

Pure  fine-grained  dark  limestone  with  large  Beatricea 20 

Dark  compact  limestone 20 

Covered 60+ 

Thin-bedded  pure  fine  even-grained  drab  limestone  (Stones  River)  150 

Total    195 -f 

In  the  McConnellsburg  Cove,  few  outcrops  of  the  Chambersburg 
limestone  occur,  and  but  one  measured  section  was  secured,  2  miles 
northeast  of  McConnellsburg,  as  follows: 

Feet 

Fissile  shale  containing  graptolites 

Hard  black  slate  and  thin  slaty  black  limestone,   (Martinsburg)    ....      84 

Covered 10 

Gray  marble  and  massive  blue-veined  limestone 20 

Dark  shaly  limestone  with  argillaceous  partings,  containing  solenopora  and 

bryozoa 68 

Pure  fine  even-grained  limestone  (Stones  River) 

Total      182 

The  Chambersburg  formation  forms  a  narrow  band  along  the 
margin  of  the  overlying  Martinsburg  shale  throughout  the  Mercers- 
burg and  Chambersburg  quadrangles  except  where  it  is  cut  out  by 
faults.  It  is  present  also  along  this  contact  throughout  the  Carlisle 
quadrangle,  but  details  of  its  character  and  thickness  there  are  not 
known. 

Nearly  everywhere  this  formation  yields  on  careful  search  an 
abundance  and  great  variety  of  fossils,  and  those  from  the  Chambers- 
burg quadrangle  differ  from  those  obtained  in  the  Mercersburg  quad- 
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nmgie.    In  the  Chambersburg  beh  the  formadoD  may  be  diWded  into 
4  faimal  zmes. 

From  the  lower  zcxie,  characterized  by  Dinorthis  pedineUa,  20 
species  were  collected,  of  which  the  fdlowing  have  been  determined 
bv  Mr.  Ulrich: 


Recepacalitcs  d  ooddentilis. 
Edusospfaaentes  sp.  unrirt 
OtuLibtices  ? 
?  Chaetetes  comolata. 
Hemiphngma  irrasam. 
Daimanrlla  testadixiaria,   smaD   n. 

¥ar. 
Dinorthis  pectizKlk. 

In  the  second  di\'i^<Mi,  characterized  by  Nidnlites,  38  species  were 
collected  and  the  following  tentatively  identified: 


Hebertefla  bdknigosa. 

H.  cf.  borealis  and  vulgaris. 

ttafin^cMiiiiiia  inquassa? 

Plectunbonites  pisum  Tar. 

Triplesia  n.  ^. 

Lepeiditia  fabulites  pinguis. 

Ampyx  DOTEiialis. 


Xidulites  cf.  favus. 

Xeir  genus  of  .\mygdal0c3rstidae. 

Xeir  genus  ot  Pleurocvstidae. 

Bolboporites  n.  sp. 

Praspora  condgua. 

P.  d^ 


Str»:^ma:otr\-pa 


lendoilaris. 
?    Diplotryna'^ 


Dahnandla  n.  sp.    (aff.  D.  subae* 

quata). 
Scenidium  anthonense. 
Stiophomena  cf.  filitexta. 
Rafinesquina  cf.  inquassa. 
R.  cf.  incrassata. 

Leptaena  n.  sp. 
Plectambonites  cf.  pisum. 
P.  asper  (Reudemami). 

Triplesia  n.  sp. 
Ampyx  n-  sp.  (cf .  A.  normalis  and  .\. 

haili). 
Pten-gometopus     cf.     callicephalus 

(variety  approaching  P.  schmidti). 
Ceraurus  pleuraxanthemus. 

In  the  third  division,  which  is  often  crowded  with  fossils,  43 
species  were  collected,  of  which  the  following  have  been  determined: 


HemiphnisTnia  irrasum  ? 
Stomatopora  ir.data. 
S.  prouiana. 

Orthis  sp.  under. 
Plectorthis  n.  sp. 
Dalmanella  testudinaria  \-ar. 


Diploti^-pa  sp.  undet. 
Rhinidict}-a  cf.  neglecta. 
Pleciambonites  n.  sp. 
Lepiaena  n.  sp. 
Parastrophia  cf.  hemiplicata. 
Ulrichospira  n.  sp. 
Echinosphaerites  sp. 
Hemiphragma  cf.  irrasum  and  otta- 
waensis. 


.\rthrop)ora  cf.  bifurcata. 

Rhinidictya  cf.  n^lecta. 

cf.  Trematopora  ?  primigenia. 

Orbiculoidea  cf.  lamellosa. 

Orthis  cf.  tricenaria. 

Scenidium  cf.  (Merope). 

Dinorthis  n.  sp.   (aff.  D.  subquad* 

rata). 
Strophomena  n.  sp. 
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T.  cf.  nucleus. 

Protozyga  exigua. 
Orthoceras  cf.  junceum. 
O.  cf.  arcuoliratum. 

Lepidocoleus  2  undet.  species   (near 

L.  jamesi). 
Isotelus  cf.  gigas. 
niaenus  consimilis. 
Fragments  of  Trinucleus  or  Tretas- 

pis. 

In  the  upper,  or  Sinuites,  zone,  which  is  immediately  beneath 
graptolitc-bearing  shales,  31  species  were  collected,  and  the  following 
determined : 


Strophomena  ( ?  Leptaena)  cf .  char- 

lottae. 
Plectambonites  asper. 
P.  pisum. 

P.  n.  sp.  (near  P.  pisum). 

P.  n.  sp. 

Christiania  trentonensis. 
C.  n.  sp. 

Triplesia  n.  sp. 


Diplograptus  sp.  undet. 
Lingula  riciniformis  ? 
Lingulops  sp.  nov.  ? 
G)notreta  rusti. 
Rafinesquina  cf.  ulrichi. 
Sinuites  cancellatus. 
Cyclora  minuta. 
C.  parvula. 

Microceras  cf.  inomatum. 
Coleolus  cf. 
Trocholites  sp.  undet. 
Caryocaris  sp.  undet. 


Turrilepas  sp.  undet. 
Ctenobolbina  sp.  undet. 
Ampyx  n.  sp. 
Trinucleus  concentricus  ? 
Harpina  ottawaensis  ? 
Triarthrus  becki. 
T.  fischeri. 

Calymene  senaria  ? 
Bumastus  sp.  ? 
Bronteopsis  ?  sp.  undet. 
Proetus  latimarginatus. 
Cyphapis  matutina. 


In  the  Mercersburg  quadrangle  4  faunal  zones  are  also  distin- 
guished but  they  do  not  correspond  with  those  of  the  Chambersburg 
belt.  The  lower  zone  comprises  20  species,  largely  new  and  imde- 
scribed,  of  which  the  following  are  tentatively  listed : 


Licrophycus  cf .  ottawaensis. 
Lockeia  sp.  undet. 
Cliocrinus  n.  sp.  ? 
Raphanocrinus  ?  n.  sp. 
Echinosphaerites  sp.  ?  plates  only. 
Helopora  spiniformis  ? 
Rhinidictya  neglecta. 


Dalmanella  cf.  testudinaria. 
D.  subaequata. 

Rafinesquina  minnesotensis. 
Strophomena  cf.  filitexta. 
Plectambonites  asper. 
Gonioceras  chazyense. 
Thaleops  ovatus. 
Pterygometopus  cf.  schmidti. 


Escharopora  ramosa. 

Of  the  48  species  collected  in  the  second  zone,  the  brachiopods 
and  bryozoa  that  have  been  identified  by  Mr.  Ulrich  are  regarded  by 
him  as  suggesting  the  upper  Chazy  of  New  York : — 
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Solenopora  compacta. 
Camarocladia  cf.  nigosiim. 
Columnaria  halli. 
Tetradium  columnare. 
T.  cellulosum. 

Caryocystites  sp.  nov. 
Anolotichia  impolita. 
Nicholsonella  laminata. 
Batostoma  cf.  magnopora. 
Hemiphragma  irrasum. 
Helopora  divaricata  ? 
Rhinidictya  fidelis. 
Pachydictya  cf.  foliata  and  robusta 
Escharopora  confluens. 

The  third  zone,  characterized  by  Beatricea,  is  regarded  as  i 

senting  the  Lowville  (**Birdseye")  of  New  York.     Of  the  37  sp 

the  following  have  been  identified. 

Beatricea  n.  sp.  Helicotoma  planulatoides. 

Tetradium  cellulosum.  H.  verticalis  ? 

Echinosphaerites  sp.  Omospira  cf.  alexandra. 

Mesotrypa  ?  sp.  undet.  Leperditia  cf.  fabulites. 


Phylloporina  reticulata. 

Hebertella  borealis. 

H.  vulgaris. 

H.  bellanigosa  ? 

Rafinesquina  sp.  undet. 

Strophomena  ( ?  Leptaena)  ch 

lottae. 
Plectambonites  asper. 
Rhynchonella  plena. 
Zygospira  recurvirostris. 
Leperditia  cf.  fabulites. 
Isochilina  cf .  gracilis. 
Platymetopus  cf.  trentonensis. 


Isochilina  n.  sp.    (cf. 
I.  n.  sp.  (cf. 

Macronotella  ulrichi. 
Drepanella   macra. 


grac 
ottav 


Diplotrypa  ?  sp.  undet. 
Stictoporella  sp.  undet. 
Dinorthis  cf.  meedsi. 
Triplesia  sp.  nov. 
Zygospira  uphami. 

The  upper  divi.sion  is  the  Sinuitcs  zone,  and  although  it  corres 

with  the  upper  zone  of  the  Chambcrsburg  belt,  it  is  not  succ 

directly  by  the  graptolite-bearing  shale  but  by  a  considerable  thic 

of  intervening  barren  calcareous  shales  and  thin  black  limes 

Of  the  T^2  species  the  following  have  been  identified  by  Mr.  t 

who  correlates  them  with  the  Normanskill  division  of  the  Tr 

of  New  York. 


Hindia  sp.  undet. 

Lingula  riciniformis. 

Lingulops  n.  sp. 

Dalmanella  n.  sp. 

Dinorthis  cf.  germana  and  subquad- 

rata. 
Plectambonites  pisum. 
P.  n.  sp.  (i)  (afif.  P.  trans- 

versalis). 
P.  n.  sp.  (i)  (aff.  P.  sericea). 


Christiania  n.  sp. 
Triplesia  n.  sp. 
Sinuites  cancellatus. 
Cyrtolitina  nitidula. 
Eccyliomphalus  spiralis. 
Strophostylus  textilis. 
Cyclora  minuta. 
C.  depressa  ? 

Orthoceras  junceum. 
Trinucleus  concentricus 
Cyphaspis  matutina. 
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In  previous  papers'  I  have  discussed  the  known  characters  of 
Elasnwsaurus,  Cimoliasaurus,  Brachauchenius  and  Polycotylus,  and 
Trinacromerum,  as  derived  from  the  species  T.  {Dolichorhynchops) 
osborni.  The  brief  and  somewhat  erroneous  description  of  the  type 
of  Trinacromerum  by  its  author  has  hitherto  prevented  its  recognition 
with  much  certainty.  Its  relationships  with  Dolichorhynchops  I 
recognized  at  the  time  that  I  proposed  that  genus,  and  suggested  the 
possible  identity,  but  it  was  not  until  I  had  the  opportunity  of  examin- 
ing the  type  specimen  of  Trinacromerum^  which  was  kindly  granted 
by  the  president  of  Colorado  College,  where  the  specimen  is  now 
preserved,  that  I  became  assured  of  the  synonymy,  an  acknowledg- 
ment of  which  was  made  in  the  third  volume  of  Chamberlin  and 
Salisbury's  Geology y  and,  later,  in  the  second  of  the  papers  cited  below. 
Furthermore,  I  am  now  nearly  as  well  assured  of  the  synonymy  of 
Trinacromerum  with  Polycotylus,  but  am  yet  hesitant  to  abandon 
the  name  Trinacromerum  until  the  skull  of  the  type  species  of 
Polycotylus,  {P.  latipennis  Cope)  shall  be  better  known  and  have  been 
more  thoroughly  studied.  The  only  diflferences  that  I  can  so  far 
discover  are  the  deeper  concavity  of  the  vertebral  centra,  the  number 
of  epipodials  and  the  manner  of  attachment  of  chevrons — of  doubtful 
value.  The  name  Triruicromerum,  therefore,  is  used  provisionally 
until  such  time  as  more  positive  evidence  is  forthcoming. 

Very  recently,  through  the  courtesy  of  Professor  Sclater,  I  have 
had  the  opportunity  of  further  study  of  certain  important  parts  of 
the  type  specimen  of  Trinacromerum  bentonianum,  kindly  sent  me 
for  that  purpose.  I  am  thus  enabled  to  give  a  number  of  figures  and 
a  more  complete  description  of  this  important  species. 

»  Publication  No,  yj  of  the  Field  Columbian  Museum,  1903;  American  Journal 
0}  Science,  XXI,  221,  1906;   Proc.  U.  S.  Nat,  Mus.,  XXXII,  477,  1907. 
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Tnm^-rc^mtrum  beuiomiamum  Cragin 
5rtiiL— Izi  *-:>  ocicnil  cksciipdon  Cragin  speaks  of  three  skulls 
riCirr*i  ry  rin  :o  his  rrptcal  spedes.  One  of  his  skulls,  however, 
rr:'?^  ::  ^t  i  ritn  x  :be  wctoral  girdle  of  his  original  tj-pe,  an  error 
r^r^^uJiLra:  ~c  :be  cvxifuson  of  the  intercIaWcular  foramen  with 
tb«f  TLiK-il  j^rfc-vc.  An  erpoc  not  so  great  as  it  would  seem,  since  such 
A  frrtzxc:  :z  :be  i^ectonJ  girdle  was  unknown  preWously  among 
ri^'>«ji-rs.  A  ci>?e  ox::pArison  of  the  two  skulls,  both  from  the 
sizTK  bcr!icc  izsi  Aij^nea:  locilines,  lea\ies  no  doubt  of  their  identity, 
Sxr  i?;cs^r.c:Ll>  isi  >p«:v£5callY.  Skull  *'  Xo.  2, "  the  better  specimen, 
s!>-'  ■>  ih^  -jTjieii^ie  aearhr  complete,  with  the  hyoids  and  jaws  in 
riiik^-  1  srriill  pir:  ot  :he  fjMial  portion  only,  wanting.  The  upper 
pjLT.  ct  :Se  >iull  :>  50  tsidly  compressed  and  mutilated  that  but  little 
o«^":>i'»f  CULT.  ':v  ni^ie  oc:  from  it.  but  the  palatal  structure,  perhaps 
±tf  rrxx  imrorjiz:  oc  die  p4es3Q>aur  cranial  anatomy,  has  been 
sS;:':;rr:n  r-oi  froc  :h:s  specimen  almost  perfectly,  the  relations  of  the 
WTTfers  .xr.>i  Sf'ir^  ioubcful   5gs.  i.  2>. 

rS:  ^ircf.i^r  varjLsr^rsxd  separates  two  long  and  narrow  openings 
S::  .v~  :".  vc-.r-c^i-is.  Ahioh  openings  may  properly  be  called  the 
:\.i~-.--  -:-;  *i^  .icu.V;:>  :>r  ihi  present.  On  either  side,  the  long, 
>-;..  c:  v;-*,:,!^;:  :  ".^u  v^f  the  pterygoid  tills  up  nearly  all  the 
:r.\  -  ..:,  :x:  .v~  :**;  •.-..:::;»  and  :he  mandible,  and  thence  extends 
:\  r  ..-  ,1-  A  -..-  :.r  :  rvV^v-»  on  either  side  of  the  real  interpter>goidal 
,1. ,  :  :;  ..r  vU..i:c  -s.v.vmally  with  the  palatine,  and  anteriorly, 
.:; .:.,--  .>  -^  .",  v'«::\  with  the  vomer.  The  true  interpter\*goidal 
'.  .1...  -  .ir  /..r.si^tet  ovate  opening,  obtuse  posteriorly,  acute  in 
:>.::.  *>  t."  i.v!  *>  '.hiokcniv..  R>un<ied  margins:  posteriorly  it  is  bor- 
vitrxi  :  .  :-.  >.  .;:^:I;.  c\t  anolt\i  anterior  end  of  the  parasphenoid,  which 
:>  ^-.r.  ..T-o.-.i  in  outline  an.vi  thick,  the  pterygoid  suture  extending 
tor^^iri  or.  taoi^  -i.iv  front  the  frt>n:  end  of  each  parasphenoidal 
v^cu.:;. .  Ir  :hv  :yy<  -txvinttn  of  T.  osborni  the  anterior  end  of  this 
bw.-v  -  .v-  -ontc*.vh.i:  ntutilatcvi.  and  I  was  not  quite  cenain  that  it  was 
no:  pnvitioei  for.vard  to  nil  up  this  vacuity  as  in  other  known  plesio- 
>at:r>.  Fhi-.  however.  :-  no:  the  case.  This  extraordinar\'  opening 
is  :hero:or<  uni.:uo  for  :h:s  cenu-  and  Polycoiylus  among  plesiosaurs, 
and  ir.  iet\i  anton::  all  known  rtptiies.  if  it  be  merely  a  vacuity.  .\nd 
I  ven:urc  :ht  opinion  :hat  it  may  be  compared  with  a  similar  opening 


Figs.  1-4. —  Trinacromerum  bentonianum  Cragin.     i,  skull  from  below,  one-sixth 
natural  size;    2,  extremity  of  beak,  one-half  natural  size;    3,  pectoral  girdle  in  pait 
one-sixth  natural  size;  4,  left  hyoid  from  below.     At,  atlas;  CI,  clavicle,   Co,  coracoid; 
Ic,  intercla'vicle;    Icf,  interclavicular  foramen;    PI,  palatine;    Ps,  pa.T«LS.\?c«:TicJv^\  '^x., 
pterygoid;  Sc,  scapula. 
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in  the  skull  of  Xyctosaurus  and  Pteranodony  the  American  Cretaceous 
pterodactyls.  This  would  suggest  that  the  supposed  elongated  basi- 
sphendd  of  Xyctosaurus  is  really  the  parasphenoid,  against  which  view 
we  have  the  improbalHlity  of  the  survival  of  so  large  a  parasphenoid 
in  this  type  of  reptiks,  as  well  as  the  mode  of  attachment  of  the  ptery- 
g(Mds  on  either  side. 

The  junction  of  the  transpalatine  is  seen  in  the  specimen  on  the 
left  side,  but  the  shape  and  relaticHis  of  the  heme  are  obsctued  by  the 
mandible,  though  certainly  there  is  no  posterior  palatine  foramen; 
doubtless  the  relations  of  the  bone  are  quite  as  I  have  figured  them 
in  T,  osborni. 

The  relations  of  the  pterjgwds  postericMly  cannot  certainly  be  made 


Fi'~,.  5. —  T.  hfnionianum.     Section  through  basioccipital  and  parasphenoid,  one- 
half   natural   >ize.     B^J    l>a>.ioccipital:     BS,   basisphenoid;     PS,    parasphenoid;    PT, 

pteryg'ji'i. 

out  in  skull  **Xo.  2'^  nor  were  they  in  the  type  of  T,  osborni,  Ver\' 
fortunately,  however,  the  posterior  part  of  skull  ''Xo.  i,"  the  t}'pe 
specimen  of  the  genus,  gives  nearly  all  the  information  that  could  be 
desired.  In  this  specimen  there  is  a  longitudinal  break  or  split 
through  the  occipital  condyle,  nearly  in  the  middle  line,  to  the  inter- 
pter}goidal  vacuity.  I  give  this  section  in  fig.  5.  The  distinction 
between  the  basioccipital  and  basisphenoid  is  not  clear,  but  it  must 
be  as  in  T.  osborni  or  nearly  so,  as  has  been  indicated  by  the  broken 
lines  of  the  figure.  In  front  of  the  basisphenoid  the  conical  and 
thickened  parasphenoid,  or  *'presphenoid"  narrows  into  a  median, 
long,  and  vertically  broad  bone  to  the  hind  end  of  the  interptery- 
goidal  vacuity,  which  it  bounds.  Posteriorly  it  extends,  by  a  squa- 
mous underlap,  nearly  to  the  hind  margin  of  the  basioccipital,  the 
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united  pterygoids  clearly  intercalated  between  them.  Between  the 
pterygoids  and  parasphenoid,  and  hollowed  from  the  latter  there  ap- 
pear to  be  two  parallel  canals,  terminating  on  the  free  surface  below. 
Along  the  middle  of  the  rounded  under  surface  of  the  parasphenoid 
there  is  seen  a  slender  groove,  as  though  the  remains  of  a  suture,  a 
remarkable  thing  if  it  be  really  a  suture.  The  parasphenoidal 
vacuities  are  bounded  outwardly  by  the  everted  margins  of  the 
pterygoids,  internally  by  the  parasphenoid.  The  openings,  however, 
do  not  quite  reach  to  the  hind  end  of  the  external  boundaries,  the 
pterygoids  forming  a  floor  to  the  grooves  on  the  posterior  fourth,  as 
seen  from  below.  So  extraordinary  a  development  of  the  para- 
sphenoid in  this  group  of  reptiles  as  is  shown  in  these  specimens  is  of 
more  than  passing  interest.  If  it  be  the  true  vomer  of  the  mammals, 
one  cannot  understand  the  cause  of  its  retention  in  so  highly  devel- 
oped a  condition  unless  the  plesiosaurs  sprang  from  reptiles  that  had 
not  yet  lost  it.  The  Nothosauria  are  markedly  diflferent  in  the  com- 
plete union  of  the  pterygoids  on  the  median  line,  to  the  exclusion,  not 
only  of  the  parasphenoid  but  the  basisphenoid  also;  a  condition, 
which,  associated  with  the  typical  reptilian  phalangeal  formula, 
excludes  the  group  I  believe  absolutely  from  direct  and  perhaps 
indirect  genetic  relationships  with  the  plesiosaurs.  Furthermore,  the 
persistent  retention  of  the  parasphenoidal  vacuities,  so  definitely 
bounded  in  all  plesiosaurs,  is  puzzling,  unless  the  explanation  is  that 
suggested  by  me  in  my  earlier  paper — that  they  are  the  real  nareal 
openings. 

The  crushed  condition  of  the  upper  part  of  the  skull  is  such  that 
little  definite  can  be  made  out,  though  the  resemblance  to  the  same 
parts  in  T.  osborni  is  evident.  On  the  left  side  the  jugal  arch  has  been 
but  little  disturbed,  showing  the  jugo-postorbito-squamosal  sutures 
as  in  r.  osborni.  There  is  no  indication  whatever,  and  the  parts 
are  here  intact,  of  a  quadratojugal  bone,  the  supposed  suture  of 
r.  osborni  being  in  no  wise  apparent.  I  believe  that  at  last  it  may  be 
definitely  said  that  the  quadratojugal  bone  is  absent  in  all  plesiosaurSy 
as  a  distinct  element. 

Unfortunately  the  jumbled  condition  of  the  frontal  and  prefrontal 
elements  in  these  skulls  has  obliterated  all  sutures.  An  examination, 
however,  of  the  various  plesiosaur  skulls  in  the  British  Museum  and 
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at    Cambridge,    confirms    me,  in    the    del 
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interpretation  is  confirmed  by  the  examinat 
region  in  T.  anonymutn  described  farther  on 
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Mandible, — The  structure  of  the  mandible  is,  for  the  first  time, 
completely  made  out  in  a  specimen  (No.  1125)  in  the  Yale  Museum. 
Although  the  specimen  belongs  to  the  closely  allied,  possibly  identical 
genus  Polycotylus,  it  may  be  described  here.  The  suture  between  the 
articular  and  surangular,  never  before  determined,  is  here  clearly 
shown,  rimning  obliquely  downward  and  forward  from  just  in  front 
of  the  cotylus  to  connect  with  the  angular-surangular  suture  beneath 
the  proximal  end  of  the  prearticular  (fig.  6).  In  the  earlier  of  the 
cited  papers  I  recognized  the  differentiation  of  this  element  in  front 
of  the  articular,  clearly  homologous  with  the  *splenial'  of  the  turtles, 
and  gave  to  it  the  name  prearticular.  Baur,  who  had  previously 
recognized  this  new  element  in  the  reptilian  mandible  unfortunately 
took  for  the  type  of  structure  that  of  the  turtles,  and  changed  the 
names  of  the  other  elements  to  conform  thereto,  giving  to  the  splenial, 
as  the  name  was  originally  applied,  the  name  presplenial.  This 
confusion  was  pointed  out  in  a  later  publication  by  me,  but  with- 
out mentioning  the  fact  that  I  had  previously  proposed  the  term 
prearticular  for  the  newly  discovered  element.*  Kingsley  later,  in 
reviewing  the  mandibular  structure  proposed  for  the  same  element 
the  term  dermarticular.  In  this  separation  of  the  prearticular  from 
the  articular  the  plesiosaurs  show  certain  relationships  with  the 
turtles,  but  not  important  ones,  since  a  like  condition  will  probably 
be  found  in  most  of  the  early  reptiles.  The  great  elongation  of  the 
coronary,  and  its  union  in  a  median  symphysis  is  the  most  striking 
characteristic  of  the  plesiosaur  mandible. 

Hyaids. — ^Under  each  skull  are  preserved  in  perfect  condition, 
and  in  undisturbed  positions  the  hyoids.  They  lie  below  the  concave 
lateral  pterygoid  plates,  the  anterior  end  reaching  nearly  as  far  for- 
ward as  the  hind  end  of  the  interpterygoidal  opening.  The  bones  of 
skull  No.  2  (fig.  4)  are  a  little  less  slender  than  those  of  skull  No.  i. 
The  posterior  end  is  rounded,  rod-like,  and  the  mesial  border  is  the 
thinner  and  more  concave  one.  The  hyoids  have  hitherto  been 
unknown,  so  far  as  I  am  aware,  in  the  plesiosaurs. 

Vertebrae. — The  atlas  and  axis  are  united  with  each  other  and 
with  the  occipital  condyle  in  the  type  specimen.  They  resemble  very 
closely  the  same  bones  in  T.  osborni.    The  axial  rib  is  firmly  attached. 

«  Field  Mus.  Publ.,  No.  73,  p.  30. 
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On  the  underside  of  the  atlantal  intercentrum,  beyond  the  middle 
antero-posteriorly,  there  is  an  obtuse  hypopophysis  with  the  sides 
concave.  The  axial  intercentrum  has  an  obtuse  keel,  thicker  pos- 
teriorly; this  bone,  also,  is  proportionally  a  little  longer  than  in 
T.  osborni.  Ten  or  twelve  other  cervical  vertebrae  are  preserved,  but 
are,  for  the  most  part,  without  processes.  They  all  have  a  conspicu- 
ously large  vascular  foramen  on  each  side  of  a  prominent  ridge.  A 
pair  of  smaller  foramina  for  the  centrum  veins  is  seen  in  the  floor  of  the 
neural  canal.  The  ribs  are  single-headed,  their  sutures  well  indicated, 


Fig.  7. —  T.  bentonianum.     Sacrum,  from  above,  one-fourth  natural  size. 

though  they,  as  also  the  neural  arches,  are  firmly  attached  to  the 
centrum. 

Length  of  atlanto-axis 80  mm 

Diameter  of  axis  posteriorly 54 

Lengths  of  vertebrae,  as  preserved 37,  37i  48,  50,  50,  50,  50 

Transverse  diameters  of  same 53i  75i  75i  75>  83,  86 

There  are  fifteen  dorsal  vertebrae  preserved  in  the  type  specimen, 
none  of  which  is  complete,  though  the  preserved  parts  indicate  well 
their  structure.  Two  united  anterior  thoracic  vertebrae  have  each  a 
length  of  63°*°^  and  a  width  of  85™™.  The  transverse  processes, 
arising  low  down,  are  stout,  and  the  zygapophyses  are  large  and  stout. 
The  underside  of  the  centrum  is  gently  concave,  and  has  the  usual 
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two  vascular  foramina,  but  they  are  small,  and  the  ridge  between  them 
is  obsolete.  Posteriorly  the  centra  become  more  nearly  circular  in 
outline,  and  the  articular  surfaces  are  nearly  flat,  the  under  border  also 
nearly  straight.  The  transverse  processes  here  are  more  slender  and 
are  directed  more  obliquely  upward.  The  zygapophyses  are  smaller 
and  weaker. 

Lengths 63,  63,  66,  70,  72,  72,  72,  72 

Widths 85,85,97,97,97,97,97,97 

Heights  of  centra 86,  86,  ?  97,  97,  97 

Sacrum. — The  structure  of  the  sacrum  is  so  well  shown  in  the 
figures  (figs.  7,  8)  that  a  detailed  description  is  unnecessary.  The 
specimen  is  of  especial 

interest   as  for  the  first        ^^^^^  -  ^^^^         ^^•^ 
time  giving  a  complete        ^■^iv^k>J 
knowledge   of  this  part 
of  the  vertebral  column 

in  the  plesiosaurs.   Three        ^^^^^k^T^^^M^^    *^^Hv.^ 

i^^^^lW^  ^^^^^VE*>A  ^^^^B^IlS^*^ 
vertebrae,  it  is  seen,  take       ^^^^»r-^  ^^^^r^^^^^^p^*^ 

part  in  the  structure  of 
the  sacrum.  A  fourth  in 
front,  probably,  as  in 
Pantosaurus,  has  its  sa- 
cral rib  arising  from  the 

centrum  in  part  and  par-  F^g.  8.— T.  hentonianum.      Sacrum  from  right 

*,v:^«f:««  x^  ♦u^  o,,^^^^      side,  one-fourth  natural  size. 

ticipating  m  the  support 

of  the  ilium,  but  if  so  it  was  not  preserved  with  the  remainder  of  this 
skeleton.  The  two  posterior  vertebrae  are  co-ossified,  the  front  one 
not.  The  anterior  sacral  rib  was  connected  with  the  ilium  by  liga- 
mentous union,  a  rugosity  for  which  is  usually  observed  at  a  little 
distance  from  the  extremity  of  the  ilium. 

The  opinion  has  been  expressed  at  various  times  that  the  plesio- 
saurs are  related  to  the  turtles  because  of  the  position  of  the  ilia, 
directed  as  they  are  downward  and  forward.  But  I  see  no  necessity 
for  such  an  explanation  of  the  resemblances  here.  The  hind  limbs 
in  the  turtles,  as  in  the  plesiosaurs,  are  used  chiefly  as  propelling 
organs.  The  strain  upon  the  ilium  at  the  acetabulum  would  be 
antero-posterior,  inclining  the  ilium  forward.     While  the  union  with 
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^Z2ZL  -ras  a  ^ooc^  ooe.  as  is  ^bown  by  the  large  size  of  the  sacral  ribs, 
:t  vas  ckartv  a  jieiding.  RgammtCH^  one. 

Ftiiar^  girdU  Fig.  3;. — ^The  pectoral  gmfle  lacks  most  of  the 
scacuLiie.  savit  their  clavicular  ends,  the  outer  an^es  of  the  cla\icles, 
and  a  pcrtfon  of  the  coracoids.  Otherwise  it  is  in  a  remarkably 
TTTV^'goried  and  natural  conditioD. 

Sc^pmU, — In  the  type  spedmen  the  extremity  of  the  ventral 
process  is  preserved  in  relation  with  the  davides  and  interdavide. 
It  is  a  da:,  thin  plaie.  xxnderlapping  the  davide,  meeting  suturally 
the  cIavo<oracoid  process  for  a  short  distance,  with  its  distal  mesial 
border  siighdy  thickened,  angularly,  for  cartflage.  The  outer  part 
of  the  piate  is  mi-yjng  on  both  sides;  it  doubdess  covered  the  da\ide 
to  the  free  border. 

ImUrcLjvide, — The  interdavide  is  a  large,  triangular  bone,  with 
a  deep  pocsterior  emargination,  and  is  stron^y  convex  on  its  Iowa* 
surface  from  ade  to  ade.  As  seen  from  bdow,  there  is  an  dongate 
process,  with  a  small,  narrow,  sht-like  emargination  in  the  middle  in 
front.  The  viable  border  widens  gradually  for  a  considerable  dis- 
:ance.  md  ^en  rjms  outward  sinuously  to  the  hind  angle.  The  real 
border  is  ur.deriapped  in  tront  by  the  cla\icles.  as  is  indicated  by  the 
inicrcla-.icle  o:  T.  cnonymum  FUld  if  us.  Publ.,  Xo.  73,  p.  44,  f.  q), 
continuing  in  front  of  ihe  anterior  end  of  the  cla\icles  as  a  seeming 
continuation  of  their  borders.  The  posterior  border  is  thin  and 
squamous.  *iircxted  outwardly  nearly  transversely  on  each  side  of  the 
intcrcla\icui^  forainen.  I:  sends  a  pointed  process  back  on  each 
side  a  third  oi  the  distance  of  the  foramen,  apparently,  though 
scarcely  forming  a  part  of  the  border  of  that  opening.  In  the  middle 
there  is  a  ckxi^  emargination  forming  a  fossa  continuing  the  foramen 
anteriorly,  its  roof  nlled  in  by  a  thin  bone  suturally  underlapping  the 
interclaxicle. 

Cljvidts. — The  clancles  are  elongate,  triangular  bones,  in  position 
and  shaf>e  resembling  those  of  T,  oshorni.  The  outer  angle  of  each  is 
lost  in  the  specimen.  On  either  side  of  the  interdavide  they  are  vis- 
ible in  front.  The  posterior  outer  border  is  also  concave,  beginning 
in  the  angular  depression  lodged  in  the  depression  of  the  imderside 
of  the  clavo-coracoid  processes.  Just  in  front  of  these  processes  is  the 
large  interclavicular  foramen,  ovate  in  shape,  roimded  in  front  and 
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acute  behind.  The  front  border  of  the  foramen  is  evidently  formed 
by  the  clavicles,  but  no  median  suture  is  visible. 

Coracoids. — ^The  right  coracoid  has  the  proximal  part  of  the  scapula 
in  position.  The  two  coracoids  formed  a  deep  trough,  with  the  ante- 
rior processes  directed  somewhat  ventrad.  The  intergelenoid  bar  is 
very  much  thickened,  with  a  deep  concavity  transversely  above.  The 
left  bone  shows,  on  the  posterior  side  near  the  thickening,  the  mar- 
gin of  a  foramen,  as  has  been  observed  in  species  of  Polycolylus  and 
in  T.  osborni.  It  may  be  the  real  coracoid  foramen.  The  glenoid 
fossa  looks  directly  outward  in  the  articulated  position.  The  clavo- 
coracoid  processes  are  elongate  and  flattened,  the  thickened  inner 
border  beveled  obliquely  for  symphysial  union.  The  sutural  surface 
for  the  interclavicle  extends  on  the  visceral  surface  about  two-fifths  of 
the  distance  to  the  base  of  the  process.  The  anterior  ends  are  slightly 
thickened  for  cartilaginous  attachment. 

The  united  bones  of  the  girdle  are,  as  stated,  in  this  specimen 
quite  normal  in  position  and  shape,  and,  so  far  as  they  are  preserved 
are  in  the  relations  of  life.  The  under  margin  of  the  interclavicle 
turns  upward  at  an  angle  of  about  ten  degrees  from  the  plane  of  the 
coracoids,  and  the  girdle  is  very  convex  transversely  on  the  under  side. 
A  much  wider  knowledge  of  the  structure  of  the  pectoral  girdle  in  the 
older  reptiles  since  the  publication  of  my  first  paper  convinces  me  of 
the  correctness  of  the  determination  of  the  elements.  The  clavicles 
and  interclavicle  are  assuredly  the  same  elements,  and  not  unlike 
those  of  the  older  reptiles.  The  ventral  process  is,  furthermore,  I 
am  confident,  not  the  united  procoracoid,  but  merely  a  prolongation 
of  the  scapula,  corresponding  to  the  'acromion'  of  such  reptiles 
as  Dicynodon,  etc.  What  has  become  of  the  procoracoid  we  cannot 
positively  say,  but  I  believe  that,  as  Seeley  has  suggested,  it  is  repre- 
sented by  the  portion  of  the  coracoid  in  front  of  the  foramina  described. 
If  this  supposition  be  true,  the  immense  size  of  the  coracoid  is  chiefly 
due  to  the  development  of  the  procoracoid.  And  it  is  not  unreason- 
able to  suppose  that  such  a  development  might  have  occurred;  the 
two  bones  always  meet  normally  in  the  middle,  and  do  yet  in  the 
Monotremata,  and  the  same  propelling  function  of  the  fore  limbs 
would  tend  to  develop  strongly  these  parts,  as  it  has  the  pubes  of  the 
pelvic  girdle.     Furthermore,  in  the  Elasmosauridae,  the  posterior 
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parts  of  the  coracoids  are  broadly  separated,  their  early,  normal 
condition.  The  interclavicular  foramen  is  a  relatively  late  develop- 
ment, reaching  its  highest  extreme  in  this  genus  and  Polycoiylus, 
Such  a  foramen,  imperfecdy  imderstood,  occiurs  in  Muraenosaurus, 
and  in  a  species  described  by  me  from  the  lower  Cretaceous  of 
Kansas  provisionally,  but  incorrecdy  referred  to  Plesiosaurus,^ 
What  its  function  was  it  is  diflScult  to  say,  if  it  had  any,  and  its 
well-formed  and  thickened  borders  suggest  that  it  did  have  some 
function. 

Length  of  interdavide ". 224  mm 

Expanse  of  interdavide 166 

Width  of  foramen ^^ 

Length  of  foramen 90 

Length  of  davides 410 

Pelvis. — ^The  pelvis,  though  incomplete,  has  no  distortion  or  mal- 
formation. The  larger  part  of  each  ischium  is  present,  the  two  united 
in  the  median  line,  and  the  left  one  has  the  ilium  attached.  The 
right  ilium  is  quite  perfect.  Its  upper  extremity  is  flattened  from 
within  outward,  and  has  a  roughened  surface  on  the  inner  side  near 
the  end  for  ligamentous  attachment  to  the  first  of  the  sacral  ribs. 
Below,  the  shaft  is  thicker,  at  its  middle  forming  nearly  a  circle  in 
cross-section.  The  lower  extremity  is  thickened,  club-shaped,  with 
a  large,  flat,  articular  surface,  broadly  oval  in  shape,  the  anterior 
broad  part  looking  more  directly  downward  for  the  acetabulum;  the 
posterior,  more  obliquely  placed,  smaller  and  subtriangular  in  shape, 
for  articulation  with  the  ischium.  The  anterior  border  of  the  bone  is 
concave,  with  a  slight  convexity  above,  and  a  strong  convexity  at  the 
lower  end.  The  ix)sterior  border  is  convex  except  at  the  lower 
part,  where  there  is  a  concavity. 

Length  of  ilium 323  nun 

Diameters  of  shaft  at  middle 37,  53 

Greatest  diameter  of  lower  extremity 82 

Antero-posterior  diameter  of  lower  extremity 100 

Ischia, — The  ischia  are  shaped  very  much  as  in  T.  osborni,  that  is, 
elongate  and  narrow,  a  characteristic  of  the  group.  Both  ischia  are 
present,  attached  to  each  other,  and,  as  already  stated,  to  the  pubes. 

I  Loc.  cit.,  p.  44»  Fig.  11. 
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The  left  ischium  also  is  united  with  its  ilium.  The  bones  are  some- 
what concave  longitudinally  above,  and  considerably  so  from  side  to 
side.  The  blade  is  thin.  In  front  view,  when  articulated,  the 
interacetabular  thickening  lies  nearly  horizontal,  with  the  acetabular 
thickeniiig  l3dng  above  the  transverse  plate  so  that  the  acetabulum 
looks  upward  and  outward.  Back  of  the  thickening,  the  downward 
curvature  of  the  thinned  part  leaves  an  obtuse  keel  in  the  middle. 

Pubes. — The  pubes  are  incomplete,  but  their  outline  cannot  diflfer 
materially  from  that  of  T.  osborni.  The  right  pubis  is  firmly  attached 
lo  the  ischium  in  its  natural  position.  The  sutural  border  is  but 
little  more  than  half  the  length  of  the  acetabular  border;  thence  to 
the  symphysial  angle  the  curve  is  smoothly  and  deeply  concave,  the 
immediate  border  for  the  most  part  somewhat  thinned,  though  the 
bone  is  thickened  a  little  in  front  of  it.  The  external  border,  thinner, 
is  not  evenly  concave  as  in  T.  osborni,  but  is  sinuous,  with  a  convexity 
in  the  middle  of  the  concavity.  The  anterior  external  angle  is  some- 
what thickened  and  rounded.  Of  the  thin  anterior  border  a  part  has 
been  lost.  The  symphysial  border  is  squarely  truncated,  showing  a 
horizontal  union.  The  upper  surface  of  the  bone  is  strongly  concave, 
the  external  angle  turned  upward  at  about  thirty  degrees  from  the 
horizontal  part.  As  is  indicated  in  the  pelvis  of  T.  osborni,  the 
whole  bone  turns  downward  distinctly  from  the  plane  of  the  ischium. 

Width  of  pubes,  from  side  to  side,  as  articulated 682  mm 

Antero-posterior  extent  of  pubis,  approximated 403 

Width  of  neck  of  pubis 157 

Length  of  symphysis 255 

Length  of  ischiiun 600 

Expanse  of  ischia 630 

Paddles. — Parts  of  three  paddles  are  preserved,  one  of  them  nearly 
complete,  though,  unfortunately  there  is  no  complete  propodial 
among  the  material. 

The  proximal  articular  surface  of  the  humerus  forms  nearly  a 
hemisphere,  the  pitted  cartilaginous  surface  limited  sharply  by  a 
distinct  rim.  The  tuberosity  stands  out  prominently  on  the  dorsal 
side,  its  top  only  has  a  distinctly  Umited  cartilaginous  surface  con- 
nected with  that  of  the  head.  The  shaft  below  the  head  is  somewhat 
oval.    The  distal  extremity  of  one  propodial  has  the  epi-,  meso-,  and 
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inc:a;oiiial5  and  the  first  row  of  the  phalanges  attached,  except 
iha:  the  epipodial  supernumeraries  are  absent.  Another,  similarly 
uniteil  proximal  series  of  the  smaller  bones  has  the  first  epipodial 
suix-mumerar}-  in  p>lace,  and  there  is  possibly  a  place  for  a  second  one, 
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F:.v  0. —  r"*':nj.-*'.*"i^i»n  znc^rymum  Willislon.  Outline  of  anterior  part  of  skull. 
frv»r.:  .I'x  ve.    a  l:::".o  !es>  thar.  one-sixth  natural  >ize. 

K:.v  :c — 7*.  jK.'Ki.mum.  <  »ut':r.e  ^^f  nvindible>  fn>m  below;  a  little  less  than 
one-sixtn  natural  >;je. 
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as  in  Polycotylus.  The  generic  name  is  derived  from  the  belief 
that  there  were  but  three  bones  in  the  epipodial  row.  Beyond 
these  connected  series  of  bones  there  is  another,  and  still  a  third 
includes  the  extreme  tip  of  the  paddle.  In  the  first  digit  there  are 
actually  preserved  ten  phalanges,  in  the  second  twelve,  and  in  the 
third  fourteen — this  last  is  the  longest.  The  second  digit  could 
not  have  had  less  than  fifteen  and  the  third  twenty.  The  three  distal 
phalanges  of  the  first  digit  seem  to  have  been  imperfectly  ossified,  and 
are  closely  related  to,  if  not  co-ossified  with,  the  second  digit.  So, 
also,  the  distal  four  phalanges  of  the  fifth  digit  are  united,  and  are 
closely  applied  to  the  fourth  digit,  as  are  also  the  terminal  three  or 
four  of  the  second  with  the  third.  The  terminal  phalanges  of  the 
third  and  fourth  digits  are  flattened  at  the  end,  almost  ungulate. 
The  paddles  are  remarkably  long  and  slender. 

Trinacromerum  anonymum  Williston 

A  specimen  in  the  Yale  Museum  (No.  11 29),  collected  in  1873 
by  the  late  Mr.  Joseph  Savage  from  the  Benton  Cretaceous  of  Kan- 
sas *' three  miles  south  of  the  Solomon,'*  is  clearly  identical  with  the 
species  which  I  figured  and  partially  described  under  the  provisional 
name  Trinacromerum  anonymum,  the  type  specimen  collected  by  the 
late  Professor  Mudge  from  nearly  the  same  locality  and  doubtless  the 
same  horizon  in  the  Upper  Benton.  The  species  differs  from  the 
type  species  in  its  much  smaller  size,  less  slender  skull,  the  different 
shape  of  the  interclavicle  and  of  the  propodial  bone.  The  Yale 
specimen  must  originally  have  been  an  excellent  one,  comprising  the 
skull  and  vertebral  column  and  portions  of  the  paddles,  but  like  so 
many  of  the  specimens  of  those  early  days  it  suffered  in  its  collection. 
The  skull  (figs.  9,  10),  so  far  as  it  is  preserved,  bears  a  strong  resem- 
blance to  T.  osborniy  but  the  attenuated  portion  of  the  face  is  shorter 
and  the  symphysis  of  the  mandibles  much  shorter.  The  under- 
surface  of  the  parietals  with  their  attachments  is  clearly  shown,  and  a 
little  in  front  the  opening  into  the  deep  median  sinus  or  canal  leading 
to  the  pineal  foramen  50°^"^  in  advance  is  clearly  seen.  Two  tongue- 
like projections  lie  close  together,  projecting  apparently  as  far  forward 
as  the  end  of  the  projection,  the  under  surface  with  longitudinal  striae 
like  those  of  the  upper  surface.     On  each  side  there  is  a  broad  deep 
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below,  separating  this  anterior  projection,  which  goes  forward  to 
meet  the  premaxilla,  from  the  true  parietal. 

The  supraoccipitals  are  shaped  nearly  as  T.  osborniy  though  they 
may  meet  for  a  short  distance  above. 

Twenty-three  cervicals  in  a  continuous  series  are  present,  their 
processes  for  the  most  part  lost.     As  this  is  the  first  absolutely  positive 


Fig.  12. —  T.  anonymum.     A,  left  humerus;  B,  left  femur,  No.  11 29  Yale  Museum. 


determination  of  the  number  of  cervical  vertebrae  in  this  genus,  I 
give  careful  outline  figures  of  the  series  (fig.  11).  The  centrum  of 
the  third  vertebra  measures  23™"^  in  length,  32  in  height,  and  40  in 
width.  The  tenth  vertebra  has  for  its  corresponding  measurements 
32,  34,  42;  the  twentieth,  32,  40,  58.  The  zygapophyscs  are  heavy 
and  large,  placed  nearly  at  right  angles  with  each  other,  and  are 
nearly  plane.    The  twenty-fourth  has  the  diapophyses  wholly  on  the 
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time  (fig.  14),  it  differs  in  the  absence  of  the  fourth  epipxxlial,  the 
greater  concavity  of  the  ulnar  border,  the  convexity  of  the  distal 
radial  border,  etc. 


Fig.  14. —  P.  laiipinnis.     Left  humerus,  dorsal  side,  three-sevenths  natural  size. 
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Fig.  15. —  Trinacrcmrrum 
natural  size. 
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Family  Polycotylidae  Cope 
Skull  with  long  facial  rostrum  and  thin,  high  parietal  crest.  Supraocdpital 
bones  separated.  Palate  with  large  interpterygoidal  vacuity,  the  pterygoids 
articulating  with  vomers,  and  meeting  in  the  middle  line  posteriorly;  no  palatine 
foramina.  Neck  but  little  longer  than  head,  the  vertebrae  all  short;  ribs  single 
headed.  Coracoids  meeting  throughout  in  symph)rsis,  with  long  clavicular 
processes  articulating  with  clavicles  and  scapulae,  the  interclavicle  present;  a 
large  interclavicular  foramen;  ischia  elongate.  Three  or  four  epipodial  bones, 
all  broader  than  long.    Colorado  Cretaceous,  North  America. 

Polycotyltis 

Cope,  Proc,  Amer.  Phil,  Soc.,  XI,  117,  1869;  Williston,  Amer.  Joum,  Set,, 
XXI,  233,  March,  1906. 

P.)  latipinnis  Cope,  loc.  cU.;  Ext.  Batrachia,  etc.,  36,  pi.  i,  ff.  1-12;  An,  Rep.^ 
U.  S.  Geol.  Surv.,  1871,  388;  ibid.,  1872,  320,  335;  Bull.,  U.  S.  Geol.  Surv. 
Terr.,  27,  1874;  Cretac.  Vert.,  45,  72,  255,  pis.  I,  VII,  ff.  7,  7a;  Leidy,  Ext.  Vert, 
Fauna,  279;  Williston,  Field  Mus.  Publ.,  No.  73,  p.  67,  pi.  XXI;  Amer.  Joum. 
Sci.,  2,  234,  pi.  Ill,  Niobrara  Cretaceous,  Kansas. 

P.)  dolichopus  Williston,  Amer.  Joum.  Sci.,  XXI,  235,  pi.  Ill,  f.  2;  Niobrara 
Cretaceous,  Kansas  and  Wyoming. 

Trinacromerum 

Cragin,  Amer.  Geologist,  December,  1888,  p.  404;  September,  1891,  p.  171; 
Williston,  Amer.  Joum.  Sci.,  XXI,  236;  Dolicharhynchops  Williston,  Kans. 
Univ.  Sci.  Bull.,  No.  9,  p.  141,  September,  1902;   Field  Mus.  Publ.,  etc. 

T.)  bentonianum  Cragin,  loc.  cit.  Fencepost  horizon  of  Benton  Cretaceous 
Downs,  Kansas. 

T.)  osbomi  Williston,  loc,  cit.;  Amer.  Joum.  Sci.,  XXI,  234;  Field  Mus.  Publ,, 
No.  73,  pp.  1-5 1,  pis.  I-XVn  (Dolichorhynchops).    Niobrara  Cretaceous,  Kansas. 

T.)  anonymum  Williston,  loc.  cit.,  p.  45,  pi.  XVIII.  Upper  Benton 
Cretaceous,  Kansas. 

T.)  latimanus  Williston,  antea. — Hailey  Shales,  Upper  Benton,  Wyoming. 

Piratosaurus 

Leidy,  Cretac.  Rept,  N,  Amer.,  p.  29,  1865. 

P.)  plicatus  Leidy,  loc,  cit.,  pi.  XIX,  f,  8.    Cretaceous,  Manitoba. 

As  has  been  suggested,  this  genus  is  perhaps  identical  with  Polycotylus  or 
Trinacromerum,  in  which  case  the  name  must  take  priority.  If  so,  the  determina- 
tion cannot  be  made  with  certainty  until  such  time  as  more  complete  specimens 
from  the  type,  locality,  and  horizon  have  been  studied. 

The  above  species  are  all  that  are  known  belonging  to  the  group.  It  is 
possible  that  other  forms  from  the  Fort  Pierre  may  eventually  be  found,  per- 
haps some  have  been  described  under  other  names.  I  may  add  here  that  the 
type  of  Nothosaurops  occiduus  Leidy  is  unquestionably  a  Champsosaurus  Cope, 
as  was  suggested  by  Zittel,  and  that  name  should  take  precedence. 
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LIST  OF  DESCRIBED  NORTH  AMERICAN  PLESIOSAURS 
JURASSIC   (bAPTANODON   BEDS) 
PUsiosaunu  shuieyensis  Kni^t — ^Wjoming. 
Pantosaurus  striaius  Marsh. — Wyoming. 
-Megalneusaurus  rex  Kni^t — ^Wyvniiiiig. 
Ctmoliasamus  laramiams  Eji^fat. — ^Wyoming. 

LOWER  CRETACEOUS   (cOMANCHE)    . 
PUsiosaurus  mudgei  Cragin. — Kansas 
Plesiosaurus  gouidi  WOliston. — Kan?as 

BENTON  CRETACEOUS 
Trinacramerum  benUmianum  Cragin. — Upper,  Kansas. 
Trinacromerum  anonymum  Williston. — Upper,  Kansas, 
Trinacramerum  laiimanus  Williston. — ^Upper,  Wyoming. 
Bfochauchemus  lucasii  Williston. — Middle  or  Lower,  Kansas,  Texas. 
Elasmosaurus,  n.  sp.  Williston. — ^Middle,  Kansas. 

NIOBR4RA  CRETACEOUS 
Elasmosaurus  snowii  Williston. — ^Middle,  Kansas. 
Elasmosaurus  serpeniinus  Cope. — Nebraska,  Wyoming. 
Elasmosaurus  marskii  Williston. — Middle,  Kansas. 
Elasmosaurus  ischiadicus  Williston. — Upper,  Kansas. 
Elasmosaurus  nobilis  Williston. — Basal,  Kansas. 
Elasmosaurus  stembergi  Williston. — Middle,  Kansas. 
Polycotylus  laiifnnnis  Cope. — Kansas. 
Polycotylus  dolichopus  Williston. — Kansas,  Wyoming. 

FORT   PIERRE   CRETACEOUS 
PUsiosaurus  gulo  Cope. — Kansas. 
Elasmosaurus  platyurus  Cope. — Basal,  Kansas. 
Elasmosaurus  intermedius  Cope. — South  Dakota. 
Uronuutes  cctiformis  Cope. — Montana. 
Ophrosaurus  pauciporus  Cope. — Fox  Hills,  New  Mexico. 
Piptomerus  megaloporus  Cope. — Fox  Hills,  New  Mexico. 
Piptomerus  mkroporus  Cope. — Fox  Hills,  New  Mexico. 
Piptomerus  hexagonus  Cope. — Fox  Hills,  New  Mexico. 
Emhaphias  circulosus  Cope. — South  Dakota. 

CRETACEOUS   OF   NEW   JERSEY   AND  THE   SOUTH 
PUsiosaurus  brevifemur  Cope. — Greensand  No.  5,  New  Jersey. 
Cimoliasaurus  magnus  Leidy. — Greensand  No.  5,  New  Jersey. 
Discosaurus  planior  Leidy. — Mississippi,  New  Jersey. 
Brimosaurus  grandis  Leidy. — Arkansas. 
Elasmosaurus  orientalis  Cope. — New  Jersey. 
Taphrosaurus  lockwoodi  Cope. — No.  i,  New  Jersey. 

OF  DOUBTFUL  RELATIONS  AND  HORIZON 
Oligosimus  primaevus  Leidy. — Green  River,  Wyoming. 
Piratosaurus  plicatus  Leidy. — Cretaceous. 


THE  LOCALITIES  AND  HORIZONS  OF  PERMIAN 
VERTEBRATE  FOSSILS  IN  TEXAS 


W.  F.  CUMMINS 


The  vertebrate  fossils  from  the  Permian  formation  in  Texas 
described  by  Professor  E.  D.  Cope  were  collected  by  myself  and  others 
before  any  stratigraphic  work  had  been  done  in  the  part  of  the  state 
in  which  that  formation  occurs,  and  the  only  thing  that  could  be  done 
by  the  collector  was  to  give  the  locality  from  which  the  specimen 
was  taken.  Whether  the  different  localities  were  of  the  same  horizon 
or  whether  they  were  entirely  different  beds  was  not  known,  and  con- 
sequently could  not  be  given. 

At  a  subsequent  period,  as  a  member  of  the  Texas  Geological 
Survey,  I  made  a  thorough  examination  of  the  country  and  complete 
stratigraphic  sections  across  the  entire  Permian  area.  These  sections 
were  published  in  the  Second  Annual  Report  of  the  Survey. 

After  the  stratigraphic  work  had  been  done,  I  took  up,  with  Pro- 
essor  Cope,  the  work  of  giving  the  horizon  of  each  of  his  described 
forms  and  the  study  of  the  development  of  the  forms  of  life.  Unfor- 
tunately, before  the  completion  of  this  work  the  death  of  Professor 
Cope  occurred,  and  his  collection  passed  into  other  hands  and  the 
paper  was  not  prepared.  Later,  I  asked  Professor  Osborne,  into 
whose  hands  most  of  Professor  Cope's  Permian  fossils  had  gone,  to 
send  me  the  localities  as  given  on  the  labels  with  the  fossils  collected 
from  Texas.  The  request  was  referred  to  Professor  E.  C.  Case,  who 
very  kindly  furnished  me  with  such  facts  as  the  labels  disclosed. 

More  recently,  Dr.  W.  D.  Matthews,  of  the  American  Museum  of 
Natural  History,  New  York,  sent  me  the  card  list  and  the  original 
lists  sent  to  Professor  Cope  by  the  collectors,  together  with  the  original 
correspondence  relating  to  the  collections. 

From  these  sources  I  have  been  enabled  to  give  the  localities  of 
most  of  the  vertebrate  fossils  collected. 

After  these  fossils  had  been  collected,  Dr.  C.  A.  White,  of  the 
United  States  Geological  Survey,  came  to  Texas,  and  together  we 
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visited  the  Permian  beds  and  made  a  collection  of  the  invertebrate 
fossils.  Part  of  these  occurred  at  some  of  the  same  localities  as  those 
from  which  Cope's  vertebrate  forms  were  taken.  These  inverte- 
brates were  afterward  described  by  Dr.  White  (Amer.  Nat.,  1889, 
p.  128,  and  United  States  CJeological  Survey,  Btdl.  No.  77). 

Subsequently  further  collections  of  invertebrate  fossils  were  made 
by  myself  and  other  members  of  the  Texas  Survey.  The  cephalopods 
were  placed  in  the  hands  of  Professor  Alpheus  Hyatt  for  determination 
and  description.  His  reports  were  published  as  parts  of  the  Second 
and  Fourth  Annual  Reports  of  the  Texas  Geological  Survey. 

The  fossil  flora  was  sent  to  Professors  Fontaine  and  I.  C.  White 
for  their  determination.  A  paper  was  published  by  them  {Bulletin 
of  the  Geological  Society  of  America,  Vol.  IH,  pp.  217,  218),  giving 
the  results  of  their  study. 

It  is  the  purpose  of  this  paper  to  describe  more  accurately  the 
various  localities  from  which  the  fossils  were  taken,  to  indicate  their 
stratigraphic  relation  to  the  general  section,  and  bring  together  a  list 
of  the  vertebrate  forms'  so  far  described  from  each  locality,  as  nearly 
as  it  is  possible  to  give  it  from  existing  data. 

THE   GENERAL   SECTION 

The  Permian  deposits  were  described  and  separated  into  divisions 
in  the  several  reports  of  the  Geological  Survey  of  Texas.  As  a  whole, 
the  formation  comprises  a  series  of  sands  and  clays  with  interbedded 
sandstones,  limestones,  and  gypsum,  lying  conformably  'and  with  a 
gentle  westward  dip  upon  the  Coal  Measures  to  the  east  and  stretching 
to  the  foot  of  the  Staked  Plains  on  the  west.  Three  divisions  are 
recognized,  the  earliest  and  most  easterly  being  the  Wichita,  followed 
successively  by  the  Clear  Fork  and  Double  Mountain. 

The  Wichita  division  comprises  a  series  of  sandstones,  sandy 
shales,  clays,  and  conglomerate,  which  passes  gradually  to  the 
southward  into  sandstones,  clays,  and  limestone.  In  the  earUer 
reports,  there  being  no  apparent  stratigraphic  break  between  it  and 
the  underlying  Coal  Measures  and  its  materials  being  quite  different 
from  the  Wichita,  these  beds  in  the  southern  part  of  this  field  were 

I  The  lists  sent  me  include  batrachia  and  reptilia  only.  The  fish  will,  therefore, 
not  be  included  in  this. 
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called  the  Albany  beds  and  were  assigned  to  the  Coal  Measures. 
Subsequent  study,  however  (Texas  Academy  of  Science  Trans.,  Vol. 
II,  pp.  93-98),  disclosed  the  fact  that  the  beds  were  stratigraphically 
continuous  with  the  Wichita,  being  simply  deposits  in  deeper  waters, 
and  in  all  subsequent  publications  they  have  been  included  in  the 
Wichita,  referred  to  the  Permian,  and  the  name  Albany  dropp)ed. 

The  Clear  Fork  beds  are  composed  of  bedded  limestone,  mag- 
nesian  and  earthy,  followed  by  clays,  limestones,  and  shales,  and 
are  more  sandy  toward  the  top. 

The  Double  Mountain  beds  comprise  sandstones,  sandy  shales, 
earthy  limestone,  clays,  and  thick  beds  of  gypsum. 

For  details  of  the  sections  reference  is  made  to  the  Second  Annual 
Report  of  the  Geological  Survey  of  Texas,  pp.  402  ff. 

So  far  as  our  collections  show,  the  first  vertebrate  fossils  are  found 
in  beds  which  are  a  little  below  the  middle  of  the  Wichita  division. 
The  beds  below  these,  while  not  differing  materially  in  character,  are 
possibly  the  representatives  of  the  transition  beds  of  the  territory  north, 
as  Adams  suggests,'  but  from  the  evidence  here  given  it  is  plain  that 
such  a  reference  cannot  apply  to  any  beds  west  of  Onion  Creek. 

In  describing  these  localities  I  have  begun  with  those  nearest  the 
base  and  have  given  them  as  nearly  in  stratigraphic  sequence  as 
our  present  knowledge  will  permit. 

I  have  tried  to  give  all  localities  at  which  we  made  collections  of 
vertebrate  fossils,  whether  the  forms  have  been  identified  or  not. 

LOCALITIES   OF  WICHITA  DIVISION 

Onion  Creek. — A  few  miles  east  of  Archer  City  there  is  a  small 
tributary  on  the  south  side  of  the  Little  Wichita  River  called  Onion 
Creek.  Near  the  mouth  of  this  stream,  the  first  fossil  vertebrate  of 
the  Texas  Permian  was  found  by  Professor  Jacob  Boll,  who  afterwards 
sent  it  to  Professor  Cope. 

Cottonwood  Creek. — This  creek  is  about  ten  miles  south  of  Archer 
City  and  is  a  tributary  of  the  South  Fork  of  Little  Wichita. 

Fire  Place. — This  is  on  the  west  side  of  the  South  Fork  of  the 
Little  Wichita  about  six  miles  south  of  Archer  City.  It  is  one  of 
Boll's  localities. 

«  BuMin  of  the  (^logical  Society  of  America^  Vol,  XIV,  pp.  191-2CX). 
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Elm  Creek. — A  tributary  of  the  South  Fork  of  the  Little  Wichita, 
about  twelve  mUes  southwest  of  Archer  City.  Collections  were  made 
on  east  side  of  creek. 

Fossils:    Dimeirodon  gigas,  D.  doUcvianus 

Post  Oak  Pens. — This  locality  is  south  of  the  head  of  Kickapoo 
Creek,  on  the  head  of  the  South  Fork  of  the  Little  Wichita  River 
about  fifteen  miles  southwest  of  Archer  City.  From  here  I  took 
quite  a  collection  of  the  teeth  of  fishes.  The  horizon  is  below  that  of 
Tit  Mountain,  or  Com  Hill. 

Copper  Mines. — About  one-half  mile  east  of  the  copper  mines  there 
is  a  small  area  of  "bad  lands"  at  which  place  I  collected  some  frag- 
ments of  vertebrates  and  many  teeth.  This  is  about  the  same 
horizon  as  Post  Oak  Pens.  This  locality  is  four  miles  west  of  Archer 
City. 

Long  Creek. — This  creek  nms  into  the  Little  Wichita  on  the  north 
side,  just  a  little  west  of  the  copper  mines. 

Fossils:  Empedias  alatus,  Dimeirodon  incisivus,  Naosaurus 
cruciger 

Mount  Barry. — This  is  a  prominent  hill  in  the  valley  of  the  Big 
Wichita  about  ten  miles  west  of  Wichita  Falls.  This  is  about  the 
middle  of  the  Wichita  division. 

Fossils :    Empedias  alaius 

Briar  Creek. — A  small  branch  running  into  the  North  Fork  from 
the  south  side,  a  few  miles  west  of  Kickapoo  Creek. 

Fossils:     Naosaurus  cruciger 

Slippery  Creek. — This  is  a  small  creek  that  runs  into  the  North 
Fork  of  the  Little  Wichita  from  the  north  side  almost  directly  south 
of  the  town  of  Dundee,  and  a  little  above  the  mouth  of  Briar  Creek 
on  the  south  side. 

Fossils:  Trimerorhachis  sp.y  Eryops  sp.,  Dimetrodon  incisivus^ 
D.  giganhomogeneSy  Ctenosaurus  sp. 

Cox^s  Camp. — A  few  miles  east  of  the  mouth  of  Godwin  Creek, 
when  the  collections  for  Cope  were  being  made,  the  Harrold  Brothers 
had  a  line  riders'  camp,  known  as  Cox's  camp.  Just  east  of  that 
camp,  on  the  north  side  of  the  Little  Wichita  River,  there  is  a  small 
area  of  ''bad  lands."  At  this  place  one  of  the  best -preserved  fossils 
in  the  entire  Cope  collection  was  found. 


PERMIAN  VERTEBRATE  FOSSILS  IN  TEXAS  741 

Fossils:     Trimerorhachis  sp.,  Eryops  sp.,  Empedias  sp. 

Headquarters. — The  first  headquarters  established  by  Harrold 
Brothers  for  their  extensive  ranch  was  on  the  north  side  of  the  North 
Fork  of  the  Little  Wichita  River,  a  mile  or  two  from  the  mouth  of 
Kickapoo  Creek,  a  tributary  of  the  North  Fork  from  the  south  side. 
Some  of  Cope's  fossils  were  taken  from  this  locality. 

Corn  Hill. — Corn  Hill,  formerly  called  Tit  Mountain,  is  No.  31 
of  our  section  and  is  about  a  mile  north  of  Dundee,  and  is  higher  in  the 
formation  than  the  beds  at  Mount  Barry. 

Fossils:  Trimerorhachis  bilobalus,  T.  sp.,  Dimetrodon  incisivus, 
D.  macros pondyluSy  D.  longiramus 

GodwifCs  Creek. — A  tributary  of  the  Little  Wichita  River  from  the 
south  side.  It  runs  from  a  southwestward  direction  nearly  on  the 
strike  of  the  beds,  having  its  source  in  the  limestone  hills  of  the 
Clear  Fork  Division  ten  miles  away.  From  its  mouth  to  the  crossing 
of  the  road  from  Archer  City  to  Seymour  there  is  quite  a  body  of 
"bad  lands."  Several  specimens  of  Cope's  fossils  were  taken  from 
this  place.  About  one-half  mile  east  of  the  crossing  of  the  Archer 
and  Seymour  road  is  Dr.  C.  A.  White's  Godwin  Creek  invertebrate 
locality.  About  two  miles  up  the  creek,  on  the  south  side  above  the 
road  crossing,  is  the  locality  from  which  the  fossil  flora  was  taken 
described  by  Dr.  I.  C.  White  as  coming  from  Godwin's  Creek. 
The  Antelope  locality  in  the  same  paper  is  Carboniferous. 

Fossils :    Diadeclis  sp.,  Empedias  fissus,  Dimetrodon  platycentrus 

Hackberry  Creek. — This  is  a  small  tributary  of  the  Little  Wichita 
river,  about  three  miles  southeast  of  Fulda.  It  is  one  of  Mr.  Stern- 
berg's localities. 

Fossils:    Eryops  sp.,  Diadectes  sp. 

Deep  Red  Run. — There  was  at  one  time  a  small  fort  called  Fort 
Auger  on  the  north  side  of  Red  River  about  opposite  where  the  town 
of  Iowa  Park  is  now  located.  There  was  a  road  leading  from  Fort 
Auger  to  Fort  Sill.  Near  the  crossing  of  Deep  Red  Creek  by  this  old 
road  is  the  Jocality  at  which  I  collected  the  vertebrates  in  Cope's 
collection  labelled  "Indian  Territory."  The  horizon  is  about  the 
same  as  that  of  Corn  Hill. 

Fossils:  Cricotus  hypantricus,  Dimetrodon  gigas,  D.  macro- 
spondylus,  D.  dollovianus,  D.  platycentrus,  Naosaurus  cruciger 
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Camp  Creek. — About  four  miles  west  of  Tit  Mountain.  It  was 
named  from  the  fact  that  Harrold  Brothers  had  one  of  their  line 
camps  on  it.  At  this  place  appears  the  first  limestone  as  we  go  up  the 
south  side  of  the  Big  Wichita  River.  It  is  one  of  Dr.  C.  A.  White's 
invertebrate  localities. 

Big  Wichita. — Going  west  from  Camp  Creek  and  before  reaching 
the  locality  designated  as  Military  Crossing,  there  is  an  exposure  of 
the  beds  given  as  No.  29  in  the  Section  on  p.  403,  Second  Annual 
Report  Texas  Geological  Survey.  This  is  not  "  Big  Wichita  "  of  Boll's 
collections.    He  used  the  term  for  various  localities  along  the  river. 

Fossils:  Eryops  sp.^  Clepsy  drops  leptocephalus,  T  hero  pleura 
retroversa 

Moonshine. — A  small  creek  that  runs  into  the  Big  Wichita  River 
near  the  east  line  of  Baylor  County  has  the  name  of  Moonshine.  At 
this  place  I  found  a  few  vertebrate  fossils. 

Fossils :    Chilonyx  rapidens,  Dimetrodon  gigas 

MilUary  Crossing. — Before  there  were  any  other  roads  through 
this  country  or  crossings  on  the  Big  Wichita  River,  Maj.  Van  Dorn 
made  a  road  from  Fort  Belknap  to  old  Fort  Radminski,  at  the  western 
end  of  the  Wichita  Mountains  near  Otter  Creek.  This  road  crossed 
the  north  fork  of  the  Little  Wichita  River  near  its  head.  It  crossed 
the  Big  Wichita  River  at  the  eastern  foot  of  the  hills  a  little  west  of 
north  of  Fulda  and  near  where,  at  a  later  date,  the  west  line  of  the 
"qq"  pasture  fence  was  built.  This  crossing  has  been  abandoned 
for  a  great  number  of  years  and  the  locality  must  not  be  confused  with 
the  old  cattle  trail  made  several  years  later,  nor  the  county  road  mad*.- 
between  the  two  crossings  at  a  still  later  date.  About  one  and  a 
half  miles  north  of  this  crossing,  on  the  Big  Wichita  River,  is  a  small 
dry  creek.  On  the  north  side  of  that  creek,  about  one-fourth  of  a 
mile  from  the  old  road,  is  the  locality  known  as  Militar}'  Crossing. 
This  horizon  is  near  the  top  of  the  Wichita  Division.  This  locality 
furnished  the  greater  number  of  the  invertebrates  collected  by  Dr. 
White. 

In  addition  to  the  forms  given  under  the  above  localities,  the 
following  were  collected  within  the  area  occupied  by  the  Wichita 
division,  but  the  localities  are  not  given  closely  enough  to  permit  their 
being  referred  to  any  definite  horizon:    Zatrachys  seraius,  Eryops 
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megacephalus,  Cricotus  crassidiscus,  Diadectes  phaseolinus,  D. 
UUibuccalus,  Empedias  molaris,  Pariotichus  brachyops,  Panlylus 
cord€Uus,  Clepsydrops  ncUalis,  C.  limbcUus,  Dimetrodon  semiradicaius, 
Melamosaurus  fossscUus,  Paleosaurus  uniformiSy  Embolobusf  riiillus 

So  far  as  known  none  of  these  species  occur  above  the  Wichita 
beds. 

As  has  been  stated,  the  continuations  of  these  beds  to  the  south 
comprise  deposits  of  deeper  water  and  carry  a  large  invertebrate 
fauna.  The  details  of  the  stratigraphy  and  fossils  of  this  division 
on  the  Colorado  river  are  given  by  Dr.  Drake  in  the  Fourth  Ann. 
Rep.  Geol.  Sur.  Tex.,  pp.  421  ff. 

Ballinger  and  North  of  Abilene,  the  localities  of  Professor  Hyatt's 
cephalopods,  are  well  known.  They  are  the  same  horizon  as  that 
of  Military  Crossing. 

LOCALITIES  OF   CLEAR  FORK   DIVISION 

Coffee  Creek. — In  the  northeastern  comer  of  Baylor  County,  about 
four  miles  west  of  Military  Crossing,  a  small  stream,  generally  dry, 
nms  into  the  Big  Wichita  River  from  the  north.  The  old  cattle 
trail  crossed  the  Big  Wichita  River  about  three  miles  above  the  mouth 
of  Coffee  Creek.  As  will  be  seen,  this  was  a  very  prolific  locality 
for  collectors: 

Fossils:  Diplocatdus  magnicornis,  D.  limbaiuSy  D.  sp,,  Trimer- 
orhachis  mesops,  Zalrachys  micro pthdmusy  Eryops  sp.,  Achelofna 
cumminsi,  Anisodexis  imbrocariuSy  Diadectes  phaseolinus,  D.  sp., 
Pariotichus  aguti,  Captorhinus  angusticeps,  Pantylus  tryptychus,  P. 
coicodus,  Labradosaurus  hamatus,  L.  sp.,  Dimetrodon  gigas,  D.  dot- 
Unnanus,  Naosaurus  claviger,  N.  cruciger,  N.  macrodus,  Edaphosaurus 
pagonias 

Boneyard. — The  old  cattle  trail  from  the  south  to  the  north,  at  the 
time  the  Cope  collections  were  made,  crossed  the  Big  Wichita  River 
about  two  and  a  half  miles  above  Coffee  Creek.  Just  east  of  that  road, 
on  the  north  side  of  the  river,  is  an  area  of  **bad  lands."  At  this 
place  there  were  a  great  number  of  fragments  of  vertebrates,  so  much 
so  that  Mr.  Sternberg  gave  it  the  name  of  "  Boneyard  "  and  so  labelled 
many  of  the  fossils  collected  by  him. 

Fossils:    Diadectes  sp.,  Empedias  sp. 
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Beaver  Creek. — At  the  crossing  on  Beaver  Creek  of  the  old  cattle 
trail  mentioned  elsewhere  as  crossing  the  Big  Wichita  River  west  of 
Coffee  Creek  is  another  locality  at  which  I  collected  fossils  for  Cope. 
Boll's  locality  ''Beaver  Creek"  was  at  its  mouth  and  in  the  Wichita 
Beds. 

Brushy  Creek. — Six  miles  northwest  of  Seymour  is  the  head  of 
Brushy  Creek,  which  nms  into  the  Big  Wichita  River  on  the  south 
side. 

Fossils:    Eryops  sp.,  Diadectes  sp. 

Indian  Creek, — This  creek  runs  into  the  Big  Wichita  River  on  the 
north  side  nearly  opposite  the  mouth  of  Brushy  Creek. 

Fossils:  Diplocaulus  sp.,  Trimerorhachis  conangulus,  Eryops 
sp.y  Diadectes  sp.,  Pariotichus  isolomus,  Isodectes  me  galops,  Dimel- 
rodon  giganhomogenes,  Naosaurus  daviger 

Gray  Creek. — In  same  vicinity,  south  of  river. 

Fossils:    Otocoelus  iesiudineus,  Conodecies  favosus 

Crooked  Creek  and  Hog  Creek. — Same  vicinity,  south  of  river. 

Fossils :    Diplocaulus  sp.,  Labidosaurus  sp.,  Naosaurus  claviger 

Stamjord. — While  connected  with  the  Texas  Geological  Survey,  I 
collected  some  vertebrates  from  the  Clear  Fork  beds  in  Haskell 
Count}-,  Texas,  near  Otey's  Creek,  not  far  from  the  present  town  of 
Stamford  [Second  Ann.  Rept.  Tex.  Geol.  Sun\,  p.  405.) 

()ther  forms  described  from  the  Clear  Fork  division  but  not  local- 
ized are:  Zairachys  conchigerus,  Dissorhopus  multicincius,  Bolbodon 
tenuitectus,  Pariotichus  isolomus,  Hypopnous  squcliceps,  Otocoelus 
mimeticus 

The  forms  described  from  this  region  which  we  cannot  certainly 
assign  to  either  division  comprise:  Trimerorhachis  insignis,  Zatra- 
chys  apicdlis,  Eryops  erythroliticus,  E.  jerricolus,  E.  reticulatus 
Diadectes  sideroplicus,  D.  hicuhninaius,  Helodectes  pandius,  Parioti- 
chus ordinatus,  P.  incisivus 

LOCALITIES   OF    DOUBLE    MOUNTAIN   DIVISION 

Kiowa  Peak. — A  few  years  ago  I  procured  a  sandstone  slab  with 
impressions  of  tracks  of  a  reptile,  which  is  now  in  my  collection  at 
Dallas,  Texas,  but  no  attempt  has  been  made  to  identify  the  animal 
making  them.     This  slab  was  procured  from  a  gulch  a  few  miles 
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south  of  Kiowa  Peak  in  Stonewall  County,  Texas  {Second  Ann. 
Rept,  Tex.  Geol.  Sur.  No.  15,  p.  406).  This  would  be  about  the  base 
of  the  Double  Mountain  Division. 

DISTRIBUTION 

Of  the  eight  genera  of  Siegocephalia  only  four,  Trimerorhachis, 
ZatrachySy  Eryops  and  CricotuSy  have  been  found  in  the  Wichita. 
The  first  three,  together  with  DiplocauluSy  DissorhopuSy  Acheloma, 
and  AnisodexiSy  are  found  also  in  the  Clear  Fork,  Cricoius  alone 
being  absent  from  the  latter  beds.  In  all  cases,  however,  the  species 
occurring  in  the  two  divisions  are  difiFerent. 

Of  the  Coiylosauriay  DiadecieSy  EmpediaSy  PariotichuSy  and 
Pantylus  are  common  to  both  divisions,  but  only  a  single  species, 
Diadedes  phaseolinuSy  occurs  in  both.  In  all  other  cases  the  genera 
are  represented  by  distinct  species.  Chilonyx  and  Bolosaurus  are 
confined  to  the  Wichita,  while  Bolbodony  Isodectes,  Hypopnous  and 
Labidosaurus  appear  only  in  the  Clear  Fork. 

The  Chelydosauria  are  found  only  in  the  Clear  Fork. 

The  distribution  of  the  Pelycosauria  is  equally  distinctive.  While 
three  species  of  Dimelrodon  and  two  of  Naosaurus  extend  through 
both  divisions,  we  have  as  characteristic  genera  of  the  Wichita, 
CleopsydropSy  Ctenosaurus,  Thero pleura ,  Metamosaurus,  Paleosaurus 
and  Embolophorus  and  of  the  Clear  Fork  Edaphosaurus  only. 

It  is  therefore  evident  that  the  divisions  of  Wichita  and  Clear 
Fork  which  were  proposed  at  first  on  purely  stratigraphic  grounds 
are  fully  warranted  and  upheld  by  the  fossils  found  in  them.  And  it 
will  be  found  when  the  invertebrate  forms  collected  from  these 
divisions  on  the  Colorado  shall  have  been  studied  that  this  separa- 
tion is  equally  warranted  there. 
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Erosion  without  valleys  appears  frequently  to  be  regarded  as  due 
to  the  absence  of  all  initial  inequalities  which  might  tend  toward 
concentration  of  the  run-oflf.  It  should  follow  as  a  corollary  (and 
this  too  seems  quite  as  often  to  be  tacitly  accepted),  that  such  erosion 
cannot  of  itself  perform  a  great  geologic  task,  for,  in  nature,  condi- 
tions of  absolute  equality  are  rare.  If  exemption  from  valley-cutting 
is  due  to  such  an  exceptional  condition,  the  wonder  is  that  any  broad 
slopes  remain  and  that  valleys  do  not  branch  indefinitely.  Yet  the 
observation  is  common  that  in  loose  and  homogeneous  material, 
the  head  of  a  gully  is  a  perfectly  definite  thing,  and  that  while  some 
large  gullies  do  arise  from  the  union  of  smaller  ones,  this  subdivision 
in  a  headward  direction  is  not  carried  to  microscopic  dimensions. 

If  a  broad  slope  without  valleys  is  possible  only  with  a  nice  equality 
of  rills,  its  existence  must  be  highly  precarious,  but  it  must  be  recog- 
nized that  for  every  dissecting  land  surface  there  is  a  degree  of  minute- 
ness beyond  which  dissection  will  not  go,  and  when  this  degree  is 
reached  the  slopes  are  in  no  danger  whatever  of  further  dissection. 
The  exact  degree  of  minuteness  of  dissection  (or  what  has  sometimes 
been  called  the  texture  of  the  topography)  depends  on  a  number  of 
factors  not  here  discussed.  The  purpose  of  this  paper  is  to  point 
out  and  account  for  that  limitation  and  to  examine  some  of  the 
topographic  effects  of  erosion  without  valleys.  It  should  be  made 
clear  that  such  erosion  is  not  in  the  main  dependent  on  equality  of 
conditions,  and  that  among  rills  or  runnels  on  a  broad  hillside  there 
is  not  always  a  tendency  to  grow  larger,  hence  not  always  a  contest 
for  mastery  or  a  struggle  for  existence. 

Conditions  assumed. — The  simplest  and  typical  case  for  the  study 
of  this  principle  is  that  of  the  plowed  field  or  other  surface  of  homo- 
geneous material.     A  sod  cover  may  temporarily  hold  its  own  against 
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channeling,  even  where  steamlets  are  sufficiently  concentrated  to 
carry  their  loads  and  have  some  power  to  spare.  Even  here,  however, 
the  failure  to  cut  channels  may  be  due  less  to  the  actual  withstanding 
of  wear  than  to  the  retardation  of  currents  and  their  continued  sub- 
division, that  is,  the  power  which  would  result  from  concentration  of 
the  water  is  preverUH  rather  than  withstood.  This  case  and  all 
others  which  are  complicated  by  the  nature  of  the  material  or  by 
special  initial  slopes  are  omitted  from  this  discussion,  which  is  con- 
cerned only  with  the  simplest  and  most  typical  case  of  gradual  con- 
centration of  run-oflF  and  its  effects.  If  there  is  any  categorical  dif- 
ference between  the  wash  above  the  gully-head  and  that  below,  it 
must  appear  best  where  there  is  perfect  freedom  for  either  mode  of 
activity  to  occur. 

Loss  of  power  due  to  subdivision  of  stream. — It  is  a  well-recognized 
principle  that  the  carrying  power  of  a  given  flow  of  water  is  greater 
when  concentrated  into  a  single  stream  than  when  subdivided  into 
several  streams.  Its  application  to  deltas  is  familiar,  in  which  case 
it  might  be  shown  that  although  the  united  stream  were  able  to  carry 
its  entire  load,  a  sufficient  degree  of  subdivision  into  distributaries 
would  bring  about  a  condition  in  which  no  one  of  these  could  trans- 
port its  sediment;  in  other  words,  while  the  volume  of  water  and 
sediment  are  divided  arithmetically,  the  power  of  the  water  decreases 
in  a  greater  ratio. 

The  same  principle  applies  equally  well  to  the  opposite  case, 
that  is,  to  the  union  of  several  streams  into  one.  Applied  to  this 
case  it  may  be  stated  thus:  Given  a  stream  whose  power  is  more 
than  necessary  to  carry  its  load;  suppose  this  to  be  formed  by  the 
imion  of  smaller  streams,  each  of  which  in  turn  was  similarly  formed, 
and  so  on  back  to  the  origin  of  all  in  unconcentrated  wash;  previous 
to  a  certain  degree  of  concentration,  when  all  streams  were  below  a 
certain  size,  all  were  overloaded  and  hence  unable  to  cut  definite 
channels.  It  is  a  commonplace  observation  that  definite  and  con- 
tinuous channels  cannot  be  cut  until  a  certain  degree  of  concen- 
tration is  reached;  but  the  point  here  emphasized  is  that  this  con- 
dition may  be  and  often  is  due  to  actual  overloading  of  the  primary 
streamlets  with  sediment. 

Sudden   change   from   overloaded  to  cutting  condition. — There  is 
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for  one  in  that  condition,  since  the  making  of  a  gully  is  its  characteristic 
function. 

The  whole  area  over  which  rills  alone  are  formed  may  well  be 
spoken  of  as  subject  to  "  unconcentrated  wash."  This  term  is 
necessarily  relative,  for  even  a  drop  of  water  represents  a  degree  of 
concentration  and  there  is  no  categorical  distinction  until  the  cutting 
stage  is  reached.  The  terms  "sheet  flood"  and  "sheet  wash"  are 
appropriate  both  in  a  descriptive  and  a  technical  sense  for  certain 
phenomena,  generally  in  arid  regions,  where  the  run-off  from  torrential 
rains  descends  a  slope  in  visible  sheets.  The  same  terms  are  mis- 
leading when  applied  to  the  ordinary  phenomena  of  unconcentrated 
wash.  The  ^* sheet"  in  this  latter  case  is  rather  a  net  work  of  con- 
stantly changing  pattern. 

Dawn-ctdting  by  unconcentrated  wash  and  ''overloaded  streams^ — 
It  will  probably  not  be  questioned  that  unconcentrated  wash  may 
and  commonly  (perhaps  universally)  does  degrade  that  part  of  a 
slope  which  lies  above  gully-heads.  If  the  assumption  made  above 
be  correct,  we  then  have  the  case  of  degradation  being  performed 
by  currents  which,  according  to  our  accepted  terminology,  are  over- 
loaded. It  is  difficult  to  deny  that  this  is  the  case.  If  it  seems  to 
involve  a  contradiction  of  terms,  it  may  be  necessary  to  define  an 
overloaded  stream  (if  the  term  be  retained)  not  as  one  which  deposits 
at  a  certain  place  more  than  it  removes  but  as  one  which  behaves  in  a 
certain  way  with  reference  to  its  load.  The  main  features  of  such 
behavior  are  the  building  of  bars,  the  shifting  of  channels,  sub- 
division and  braiding,  and  above  all,  the  inability  of  the  streams 
to  incise  any  one  channel  beneath  the  level  upon  which  it  wanders. 

It  would  be,  a  mistake  to  assume  that  all  streams  which  build 
bars,  anastomose,  shift  their  channels  and  "braid"  are  of  necessity 
aggrading  their  valleys  or  even  that  they  are  not  degrading  them. 
The  relations  between  these  phenomena  of  "overloaded  streams"  on 
the  one  hand  and  aggradation  on  the  other  is  not  so  simple  as  that. 
It  may  safely  be  assumed  however  that  some  of  the  conditions  which 
favor  anastomosing,  etc.,  are  also  favorable  to  aggradation.  The 
classical  example  of  an  "overloaded  stream"  (the  Platte)  is  quite 
probably  aggrading  its  valley  at  the  present  time  in  that  part  where 
the  phenomena  listed  above  are  most  pronounced,  and  it  has  surely 
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:jl  ?:  T^i-x!  -  :>^  c\L>e  a  ix^neplain  as  shown  by  abundant  evidence). 
F --"-.'-x  :^  :  --v  >u:  :v>>:::v>n  would  be  that  the  horizon  of  the  former 
r',\  "   . ,.-  ,i:  vr."\"na:c!y  :ha:  of  the  present  hilltops. 

Vv  V  :>;  ur.ifvXT.:  level  of  the  hilltops  are  a  few  exceptional 
ck  ,i:  or-  o:  r::v  :Vt^:  v>r  more.  Capping  these  are  deposits  of  typical 
I.\:\\.v::c  cr.i'«vl>  frv^ni  :en  ;o  twenty  feet  thick.  No  theory  of  the 
v>r  c  r  vvf  /-v  Lsi:\i\\^:e  tormaiion  which  receives  any  credence,  ad - 
ni::>  :hv^  >::;:x\ii:x^n  iha:  these  gravels  might  have  been  deposited 
v"r.  v\vv::  or.il.N  h:ch  :x>:n:>  in  preference  to  a  lower  surrounding 
r '.,-.::  I:  'Z;^.  .'v .  ^-.ix^r.s  or.  which  they  now  rest  existed  as  such  when 
:hv  CT.l^;"-^  a  .  Tv  Ov  ;.x>>::cxi.  ::  would  seem  necessary  to  assume  that 
:hc  ;— :  r.  -urrou::.::::^  i^'uiin  was  burievl  by  gravel  to  a  depth  equal 
to  ::a  ''v  c"^:  o:  :hcx^  hills  plus  the  thickness  of  the  def>osit  on  the 
hili>.  I:  :v.;:>:  thtr.  Iv  assunicvi  that  subsequent  erosion  was  guided 
in  >t:ch  .i  r/.-rncr  .-s  to  >:r:p  practically  the  whole  of  this  thick  bed 
of  craNcI  trv^r.t  the  surrourAiing  plain  while  leaving  the  thin  deposit  on 
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the  hilltops.  To  avoid  this  improbable  supposition  it  might  be 
assumed  that  the  gravels  were  laid  down  on  a  plain  whose  elevation 
is  represented  by  that  of  the  present  exceptional  hills  and  that  a  post- 
Lafayette  peneplain  was  developed  50  or  more  feet  lower. 

Hypothesis  of  rill-wash  applied  to  the  St.  Louis  region, — As  a 
modification  of,  or  substitute  for  this  last  hypothesis,  the  following  is 
suggested:  After  the  deposition  of  the  Lafayette  gravels  on  a  nearly 
flat  surface,  uplift  followed  and  the  area  was  maturely  dissected  by  a 
drainage  system  which  was  to  some  extent  ready  made,  having  held 
over  from  former  conditions  and  which,  therefore,  to  a  certain  degree, 
began  its  work  simultaneously  on  the  entire  area.  The  gravel  was  in 
the  main  removed,  except  fi^m  a  few  patches  between  the  head 
waters  of  streams  flowing  northwest  to  the  Missouri  and  others  flow- 
ing southeast  to  the  Mississippi.  It  remained  in  these  places  partly 
because  they  were  flatter  and  therefore  less  subject  to  erosion,  and 
partly  because,  lying  between  headwaters,  they  were  the  last  to  be 
reached  by  erosion.  With  the  exception  of  these  spots  the  topography 
of  the  area  was  then  one  of  comparatively  even-topped  ridges  and 
valleys,  but  without  flat  uplands.  Both  while  this  dissection  was  in 
progress  and  subsequently,  unconcentrated  wash  (as  described  above) 
lowered  these  ridges  fifty  or  more  feet.  This  was  not  effective  on  the 
gravel-covered  hills,  partly  because  of  their  relative  flatness,  but 
largely  because  percolation  obviated  wash. 

The  difficulty  in  such  a  conception  lies  in  the  uniformity  of  the 
down-cutting  of  all  the  ridges  and  the  consequent  preservation  of 
the  typical  form  of  a  dissected  peneplain.  This  arises  from  our  habit 
of  thinking  of  rills  as  small  rivers,  each  incising  its  own  little  valley 
and  absorbing  its  neighbors  as  soon  as  a  slight  advantage  has  been 
gained.  If  the  above  theoretical  reasoning  pertaining  to  rill-wash  be 
correct,  this  diflSculty  disappears.  The  struggle  for  existence  (so 
characteristic  of  gullies)  disappears  from  the  commimity  of  rills  as 
soon  as  each  is  seen  to  be  overloaded.  Stability  then  takes  the  place 
of  instability  and  there  is  no  longer  any  diflSculty  in  maintaining  an 
undissected  slope  while  degradation  proceeds.  Under  these  conditions 
a  large  number  of  subequal  ridges  constituting  a  dissected  plain  will 
be  degraded  at  a  subequal  rate. 

It  should  be  made  clear  that  the  correctness  of  the  theoretical 
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reasoning  above  is  not  dependent  on  its  appl 
region.  This  illustration  is  not  brought  fonv 
ment  but  to  show  the  nature  of  the  problem 
occurs. 

It  should  also  be  noted  that  the  case  of  uni 
a  wide  area  implies  a  mature  drainage  syste 
first  dissection  of  a  plateau  this  condition  is 
edge,  hence  the  whole  plateau  cannot  be  s 
The  erosion  of  an  uplifted  peneplain  may, 
ready-made  drainage  system,  the  whole  of 
incised.  The  whole  area  has,  therefore,  son: 
in  down-cutting. 

Bearing  of  these  principles  on  profile,  and  a 
Returning  to  the  principles,  let  us  examine 
profile  and  cross-section  of  the  young  valley, 
not  any  progressive  union  of  overloaded  rills, 
increases  as  the  slope  is  descended,  though 
assume  that  the  rills  become  less  overloaded, 
wise  increasing.  The  reason  for  the  increas 
increased  amount  of  water.  It  is  to  be  assumed 
equal  ihroughout  the  slope,  but  since  some  o 
fails  to  percolate,  the  amount  which  joins  the 
as  the  slope  is  descended.  The  effect  of  in 
case  is  increasing  slope. 

Increase  of  slope  as  the  result  of  increase  o 
our  customary  conceptions  gained  from  consi 
in  which  the  reverse  is  usually  true.  A  brief  S1 
rical  principle  involved  may  therefore  be  neces 
is  limited  in  its  down-cutting  by  a  certain 
cannot  cut,  additional  power  results  in  cutti 
and  flattening  the  profile.  Where  the  opport 
is  not  thus  limited,  the  current  is  free  to  cut  d' 
to  its  power  and  the  effect  of  progressively  inci 
gressively  steepening  profile.  This  is  the  case 
encounters  a  fall.  Both  the  principle  and  tl 
in  the  rapids  above  all  falls.  However  low  the 
the  upper  stream  entirely  from  the  influence 
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below,  and  that  level  has  no  existence  for  the  current  above  the  fall. 
Nor  is  it  necessary  that  the  fall  be  vertical;  the  principle  is  the  same 
in  the  approach  to  a  cataract  or  cascade  or  other  exceptionally  steep 
slope,  though  its  application  is  less  simple. 

Applying  this  principle  to  the  case  of  rill-wash,  we  recall  that 
the  end  of  the  overloaded  condition  and  the  beginning  of  guUy-cutting 
is  sudden.  The  effect  of  this  is  a  steep  offset  which  allows  the  rills 
to  cut  down  without  reference  to  any  lower  limit.  The  effect  of  this, 
in  turn,  is  progressively  increased  slope  as  the  fall  at  the  guUy-head 
is  approached.  This  gives,  above  the  gully-head,  a  profile  which  is 
convex  upward,  which  gives  way  in  the  young  valley  itself  to  a  profile 
of  decreasing  slope,  that  is,  one  which  is  concave  upward.  It  will 
readily  be  seen  that  this  description  fits  the  case  of  the  simple  gully 
developed  on  a  simple  slope.  Indeed  the  compound  curve  thus 
formed  is  very  general  despite  all  complexities  due  to  sod  covering 
and  initially  complex  slopes. 

A  similar  convexity  of  the  upper  slope  is  seen  in  the  cross-section 
of  a  young  valley.  The  existence  of  the  valley  removes  from  the 
wash  on  at  least  the  upper  part  of  the  slope,  the  influence  of  the  level 
which  limits  down-cutting.  In  all  cases,  therefore,  except  where 
peculiar  conditions  are  assumed,  the  wash  increases  in  power  for  a 
small  distance  at  least,  while  the  slope  is  concurrently  steepened, 
producing  a  curve  which  is  convex  upward.  If  the  valley  be  deepen- 
ing, this  convexity  approaches  more  or  less  close  to  the  axis,  and, 
if  the  deepening  be  sufficiently  rapid,  the  convexity  reaches  the  channel 
making  the  entire  slope  from  hilltop  to  stream  convex  upward.  Where 
this  is  the  case,  the  down-cutting  of  the  valley  axis  is  sufficient  to  leave 
the  rill-wash  on  the  entire  slope  free  from  the  influence  of  a  lower 
limiting  level.  Where  down-cutting  is  less  rapid,  the  wash  near 
the  stream  comes  within  the  influence  of  a  lower  limit  and  shapes 
its  profile  according  to  the  laws  of  streams,  that  is,  it  becomes  con- 
cave upward.  The  result  is  the  U-shaped  valley.  The  point  to  be 
emphasized  here  is  that  not  only  does  this  form  not  imply  a  cessation 
of  down-cutting,  but  that  it  does  not  even  imply  lateral  corrasion  by 
the  stream.  The  only  requisite  is  that  the  stream  shall  cut  down 
slowly  enough  so  as  not  to  remove  from  the  wash  on  the  side  slopes 
the  influence  of  a  lower  limit.    In  the  area  mentioned  near  St.  Louis 
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it  is  quite  the  rule  that  the  sides  of  the  smaller  valleys  are  upwardly 
convex  from  top  to  bottom. 

In  the  course  of  its  development  the  young  valley  whose  cross- 
section  shows  simple  curves  increasing  in  steepness  as  the  axis  is 
approached,  exchanges  these  for  compoimd  curves  as  described  above. 
The  stage  of  development  at  which  this  exchange  is  made  depends 
partly  on  the  absolute  rate  of  down-cutting  of  the  axis  and  partly  on 
the  behavior  of  the  wash.  A  full  explanation  of  the  latter  would 
involve  discussion  of  materials  composing  the  surface.  Observa- 
tion indicates  that  with  a  given  rate  of  down-cutting  a  loess  cover  is 
specially  favorable  to  valleys,  whose  sides  increase  in  steepness  down 
to  the  axis,  that  is,  are  simple  curves  and  upwardly  convex. 
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Given  a  stream  flowing  on  a  flat  surface  of  homogeneous  material, 
will  it  meander?  If  so,  will  the  meanders  develop  at  once,  or  will 
they  be  formed  only  after  considerable  time  has  elapsed  ?  The  answer 
to  these  questions  was  actually  encountered  in  a  millpond  which  had 
silted  up  for  many  years  till  its  floor  was  level.  Then  the  dam  broke 
causing  the  river  to  flow  in  a  narrow  channel  through  the  deposits. 
It  is  hoped  that  the  behavior  of  the  stream  xmder  these  conditions 
may  shed  some  light  on  the  general  question  of  the  origin  of  meanders. 

The  conception  generally  held  is,  that  the  stage  in  the  lives  of 
rivers  when  they  meander  in  broad  arcs  is  reached  late,  when  they 
flow  sluggishly,  as  swift  streams  are  less  easily  turned  aside  than  those 
which  flow  less  impetuously. 

This  supposes  a  turning  aside  from  a  straight  course  due  to  irregu- 
larities or  obstructions  in  the  path  of  the  stream.  The  breaking  out 
of  ditches  into  meanders  is  held  to  support  this  view.  This  view  of 
the  origin  of  meanders  is  the  one  stated  by  Geikie,  Russell,  Davis, 
Chamberlin  and  Salisbury,  and  other  authorities.  It  is  also  held 
in  some  quarters  that  meandering  is  a  direct  result  of  loading  of 
the  stream  and  deposition  of  the  sediment.* 

Thi3  paper  concerns  itself  with  a  discussion  of  an  actual  case  of 
meander  development  and  shows  that  meanders  may  develop  in  a 
swift  stream,  that  they  are  not  always  the  result  of  a  long  process; 
but  may  develop  immediately,  and  that  inequalities  of  bed  or  obstruc- 
tions in  the  path  of  the  stream  are  not  necessary  for  their  formation. 

The  river  on  which  meander  development  was  studied  was  the 
Middle  Rouge,  one  of  the  three  upper  branches  of  the  River  Rouge, 

>  This  case  of  meandering  was  discovered  when  on  a  field  trip  with  Professor 
M.  S.  W.  Jefferson  of  the  Ypsilanti  State  Normal. 

•  Gr^gs,  BuU.  Am,  Geog.  Soc,  Vol  XXXVIII,  pp.  168-76. 
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2L  stream  emptjdng  into  the  Detroit  River,  as  shown  on  the  accom- 
panying map  of  the  vicinity,  designed  to  show  the  relation  of  the 
locality  to  the  surrounding  country. 

Some  seventy-five  years  ago  a  dam  was  built  across  the  Middle 
Rouge  near  Pikes  Peak.  Since  that  time  the  dam  has  been  main- 
tained continuously,  except  that  it  broke  in  1895.  It  was,  however, 
immediately  repaired  so  that  to  all  intents  and  purposes  the  water 
has  been  ponded  up  continuously  for  about  three  quarters  of  a 
century. 

The  floor  of  the  pond  is  composed  of  silt  of  very  imiform  char- 
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Fig.  I. — Map  of  the  vicinity  to  show  the  relation  of  the  locality  to  the  surrounding 

country. 


actcr.  Deposited  under  water  as  it  was,  and  attaining  a  thickness  of 
several  feet,  it  presented  a  material  of  exceptional  character  for  the 
river  to  cut  into  when  the  water  was  withdrawn  from  the  surface 
by  the  break  in  the  dam.  The  uniform  character  of  the  deposit,  so 
far  as  any  illustration  can  show  it,  is  shown  in  Fig.  3,  taken  about 
600  ft.  above  the  dam  on  the  right-hand  bank  of  the  stream. 

The  deposit,  which  is  a  fine  even  clay  with  absolutely  no  bowlders 
or  stones,  has  cracked  extensively,  and  to  considerable  depths  since  the 
withdrawal  of  the  water,  and  these  cracks  show  plainly  in  the  photo- 
graph. The  vegetation  (Polygonum)  also  shows;  but  as  the  picture 
was  taken  after  snow  had  fallen,  late  in  November,  the  luxuriance  of 
its  growth  is  not  apparent. 
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The  margins  of  the  pond  when  first  the  dam  was  buih,  must  have 
been  the  bluffs  on  either  side  of  the  flood  plain  and  the  pond  must 
have  extended  back  half  a  mile  from  the  dam  as  is  shown  by  the 
deposits.  The  pond  when  the  dam  broke,  was  much  smaller,  due  to 
deposits  of  silt,  its  limits  at  the  head  of  the  valley  being  marked  by 
the  peculiar  hummock  or  mound  configuration  built  up  by  the  sedge 


Fig.  2. — Break  in  Dam  (looking  S.  E.).  During  high  water  on  May  30,  1905, 
the  dam  gave  way  leaving  a  break  at  the  end  of  the  waste  weir  and  bridge  as  shown  in 
Fig.  2.  When  the  water  was  dra^^-n  off,  the  floor  of  the  pond  was  almost  entirely 
covered  with  Knotweed  {Polygonum  Muhlenbergii)  standing  from  three  to  five  feet  high. 


(Carex  stricid)  and  added  to  later  by  turf -forming  grasses.'  These 
tuft  formations  mark  off  sharply  the  limits  of  the  pond  on  the  margins 
away  from  the  dam  and  shown  in  Fig.  4.  Here  the  stream  has  cut  a 
narrow  channel  in  the  bed  of  the  old,  wider  course,  but  preserved 
the  old  bed,  the  banks  of  the  old  course  being  marked  off  sharply,  the 

«  Brown,  Bot.  Gaz.,  October,  1905,  p.  270. 
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hummock  configuration  showing  on  either 
right. 

The  same  is  shown  in  the  view  of  the 
the  foreground,  where  the  present  stream  ha 
(ler.  This  view  down  the  river  shows  the  I 
and  the  blufTs  on  the  left  hand  side  of  the  ' 


Vv.. 


Sf(  iii)ri  of  silt  wluTf  stream  has  cut  seve 


also  shows,  and  over  lo  the  left  the  houses  at 
Thi"  c'liaracter  of  the  surface,  with  its  luft 
claimed  from  the  original  jumd  by  silting  i 
by  the  growth  of  vegetation,  also  shows  very 

The  meander  wliich  shows  is  an  inherit 
in  sih  laid  down  in  the  original  pond  while  tl 
up,  and  deepened  in  a  narrower  channel  sine 
plainly  on  either  side. 

The  bars  on  the  inner  side  of  the  curves 
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relatively  steep  slope,  as  the  lateral  cutting  of  the  stream  has  as  yet 
been  very  little.  One  of  these  bars  shows  in  the  foreground.  They 
are  in  general  composed  of  coarse  material  (sand  and  gravel),  differing 
in  composition  from  the  banks  of  the  stream. 

The  Rouge  is  so  called  from  its  color,  which  is  owing  to  the  sedi- 
ment carried.  The  Middle  Rouge,  even  though  a  small  stream  here, 
carries  a  great  amount  of  sediment.     A  large  portion  of  this  was 


Fig.  4. — Present  stream  in  an  inherited!  wider  bed.' 

dropped  in  the  pond  while  the  dam  was  intact,  the  deposits  reaching 
a  depth  of  eight  feet  at  the  dam  and  extending  back  a  distance  of 
nearly  half  a  mile. 

The  map  accompanying  the  paper  (Fig.  6)  shows  the  meandering 
course  of  the  stream  in  the  old  floor  of  the  pond  and  extends  back  far 
enough  to  show  all  the  meanders  which  have  developed  since  the 
withdrawal  of  the  water  as  well  as  one  (the  first  of  the  scries), 
which  was  developed  earlier  and  has  since  simply  been  deepened. 

The  map  has  been  constructed  with  considerable  care,  the  principal 
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IK)inls  bcin^  located  accurately,  and  the  widtl 
carefully  in  many  places. 

At  the  |)resent  lime,  the  river  has  cut  thro 
has  rej^raded  its  floor  so  that  the  dei)Osits  st 
at  the  dam  and  thin  out  to  nothing  half  a  mi 

Assuming  that  the  floor  of  the  \yonA  is 
verv  nearlv  level  when  we  consider  that  the 


Fi., 


\"\K\\  down  tlic  riviT  tak<n  frnm  MiilYs  at  ill 


only  elrvi-n  ftrl  above  ihe  bed  of  ihe  slrear 
williin  three  feel  of  its  lop,  we  can  see  that 
ihr  river  wa>  Mowing  on  a  nearly  level  surfai 
levil  ihan  any  ollur  ])orlion  of  the  flood  \ 
ininn-diately  lu-gan  lo  cut  into  this  deposit,  1 
fall  in  half  a  mile  of  a  trifle  more  than  the  I 
or  something  over  ten  feel. 

To  have  been  there  and  seen  the  events  t 
would  have  been  exceedingly  interesting.     > 
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in  the  vicinity,  however,  which  seemed  reliable  enough  to  be  taken 
as  authority  as  regards  the  course  of  events,  so  it  will  be  necessary 
to  imagine  what  actually  did  occur  from  the  final  results. 

The  river,  when  first  the  dam  broke,  must  have  been  free  to  flow 
on  a  practically  flat  surface,  at  least  not  uneven  enough  to  cause  it 
to  swing  from  one  side  of  the  plain  to  the  other.  Neither  can  the 
character  of  the  deposits  have  been  the  cause  of  the  meandering 
which  actually  occurred.  These  meanders  may  or  may  not  have 
been  assumed  practically  as  soon  as  the  dam  broke  and  deepened 
and  made  permanent  since. 

The  meanders  developed  on  the  withdrawal  of  the  water  from  the 
pond  are  not  the  old  ones  which  the  stream  simply  resumed  with 
slight  deviation.  The  old  meanders  were  completely  obliterated  by 
silting.  If  this  were  not  so,  we  should  expect  to  find  traces  of  old 
meanders  which  the  present  stream  does  not  occupy,  but  which 
would  be  plainly  visible  as  slight  depressions  in  the  valley  floor. 
These  we  do  not  find  in  the  floor  of  the  old  pond,  though  they  occur 
both  above  and  below  in  the  valley  floor.  In  fact,  several  "cut  offs" 
have  had  time  to  form  in  the  old  deposits  above  water  at  the  time  the 
dam  broke,  farther  up  stream  than  shown  on  Fig.  6,  but  still  in  silt 
laid  down  in  the  original  pond. 

The  old  tojx)graphy  of  the  valley  floor  was  not  reproduced  on  the 
withdrawal  of  the  water  due  to  pressing  out  of  the  water  entrapped 
in  the  subaqueous  deposit  by  the  increased  gravity  of  the  mass.  It 
this  were  so,  it  would  be  peculiar  that  only  one  set  of  meanders  should 
be  produced  and  the  stream  should  follow  them.  Others  w^ould 
show  as  well.  The  material  deposited  was  a  very  fine,  even  clay  and 
the  amount  of  settling  which  it  would  undergo  on  the  withdraw^al  of 
the  water,  from  a  shallow  pond  perhaps  three  or  four  feet  deep  would 
be  problematical,  and  perhaps  of  more  theoretical  than  practical 
importance  in  the  determination  of  the  course  of  a  stream  whose 
course  was  determined  within  a  few  hours  after  the  break  in  the  dam. 

The  silting  up  of  the  pond  was  certainly  complete  enough  to 
obliterate  entirely  the  old  stream  courses  and  the  settling  of  the  mass 
which  would  occur  in  24  hours  did  not  reproduce  them.  The  new^ 
meanders  are  independent  of  the  old. 

The  probability  is,  that  while  the  water  of  the  pond  was  draining 
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off,  the  flat  character  of  the  bottom  caused  the  water  to  flow  in  a  thin 
broad  stream,  and  that  the  meanders  were  caused  or  formed  as  the 
narrower  stream  cut  back  from  the  dam.  This  is  rendered  probable 
by  the  fact  that  near  the  dam,  in  so  far  as  there  are  any  inequalities  of 
surface,  the  water  does  not  occupy  the  lowest  land.  This  would  tend 
to  show  that  inequality  of  surface  was  not  the  determinmg  factor  in 
causing  the  meandering.  The  question  naturally  arises:  What  did 
cause  the  stream  to  meander  ? 

According  to  the  U.  S.  contour  map  of  the  locality,  the  average  fall 
of  the  stream  per  mile  is  about  ten  feet  above  the  old  pond  and  about 
six  feet  below.  If  the  stream  had  assumed  a  straight  path,  it  would 
have  had  a  fall  of  over  thirty  feet  to  the  mile  in  the  floor  of  the  old 
pond.  As  a  matter  of  fact,  it,  by  its  meandering  course,  reduces 
the  fall  to  about  fifteen  feet  to  the  mile.  These  numbers  are  only 
approximations;  but  can  be  verified  by  consulting  the  accompanying 
map.  Even  this  is  more  than  the  average  fall  per  mile  in  the  course  of 
the  stream.  This  is  what  we  should  expect,  as  while  in  the  old  pond 
the  stream  has  graded  its  course,  it  is  still  cutting  down  to  conform 
to  the  grade  of  the  stream  as  a  whole,  which  it  will  reach  in  time. 

Considering  the  width  of  the  flood  plain,  however,  it  will  be  seen 
that  it  would  be  impossible  for  the  stream  to  decrease  its  rate  of  fall 
farther  by  meandering,  as  it  already  swings  from  side  to  side,  cutting 
into  both  boundary  bluffs.  In  so  far  as  the  conditions  permit,  the 
stream  has  apparently  endeavored  to  conform  to  the  general  grade  of 
its  course  in  its  path  across  the  floor  of  the  old  pond.  This  gives  rise 
to  some  very  interesting  questions. 

What  does  meandering  mean  ?  Does  it  mean  a  response  to  sur- 
face configuration  ?  Is  it  dependent  upon  the  nature  of  the  material 
in  which  the  river  is  cutting  its  course  ?  Docs  it  bear  any  relation  to 
stream  velocity  ?  Is  it  necessarily  associated  with  the  lower  courses 
of  streams  because  of  a  decrease  in  velocity,  or  is  it  because  of  a 
decrease  in  freedom  to  meander  due  to  the  width  of  the  flood  plain 
caused  by  lateral  cutting  ? 

These  meanders  are  not  inherited,  neither  are  they  the  result  of 
lateral  cutting.  Most  of  the  work  done  by  the  river  since  the  dam 
gave  way  has  been  vertical  cutting.  The  banks  are  vertical  and 
remain  so  on  account  of  the  fine,  homogeneous  clay  of  which  they  are 
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composed.     Only  in  an  occasional  place,  and  then  only  in  smi 
amount,  has  any  lateral  cutting  whatever  occurred. 

WTiat  then  does  meandering  mean  ?  It  would  seem  from  this  01 
case,  that  meandering  is  rather  an  expression  of  the  river's  attem 
to  establish  a  certain  grade  and  fix  a  certain  relation  between  i 
slope  and  the  amoimt  of  sediment  carried,  that  meandering  is  n< 
dependent  upon  the  character  of  the  material  and  may  proceed 
deposits  in  which  there  are  no  obstructions  to  start  meandering,  th; 
meanders  are  not  always  the  result  of  a  long  process,  but  that 
meandering  course  may  be  the  one  first  chosen,  and  that  a  swi 
stream,  when  free  to  assume  the  path  it  chooses,  will  meander. 

This  is,  of  course,  more  in  the  nature  of  a  suggestion  than  a  defini 
statement  as  to  the  cause  of  meandering,  as  one  case  is  not  sufficiei 
to  establish  the  point,  but  it  should  be  possible  to  find  many  oth 
examples  of  character  similar  to  this,  and  a  careful  study  of  sue 
cases  would  certainly  help  us  to  a  better  understanding  of  the  behavu 
of  meandering  streams. 
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The  Keweenawan  igneous  rocks  of  the  Lake  Superior  region 
have  been  studied  and  discussed  by  many  geologists  during  the  past 
thirty  years.  At  the  beginning  of  that  period  microscopical  petrog- 
raphy was  in  its  infancy,  and  minor  errors  due  to  faulty  methods 
inevitably  resulted.  In  the  course  of  the  years  these  have  been 
gradually  corrected,  involving  changes  of  nomenclature.  Some 
variations  in  nomenclature  have  resulted  from  the  varying  points 
of  views  of  the  authors.  But  the  general  progress  of  petrography 
has  brought  more  numerous  and  important  modifications. 

In  order  to  make  the  names  used  by  the  prominent  writers  on 
the  subject  more  readily  intelligible,  a  correlation  of  these  is  pre- 
sented herewith.  It  must  be  remembered  that,  since  the  basis  of 
petrographic  classification  used  by  the  authors  has  varied  somewhat, 
such  a  correlation  can  be  only  an  approximation,  but  it  will  never- 
theless serve  the  purpose  of  showing  the  various  changes  that  have 
occurred,  and  of  presenting,  at  least  in  its  outlines,  the  main  facts  of 
nomenclature  of  each  writer. 

In  order  to  give  precision  to  such  a  correlation,  it  is  desirable  that 
the  nomenclature  of  each  writer  be  compared,  not  simply  with  that 
used  by  other  authors,  but  also  with  an  expressed  and  definite  classi- 
fication. Therefore  the  following  classification  has  been  prepared, 
on  the  basis  of  texttires  and  mineral  composition.  It  is  not  a  general 
classification  of  igneous  rocks,  but  is  intended  to  include  merely  the 
types  represented  in  the  Keweenawan  of  the  Lake  Superior  region. 

Macfarlane,'  in  1866,  described  the  Keweenawan  rocks  of  Michi- 
picoten  Island.  He  found  melaphyre,  trap,  amygdaloid,  quartz  por- 
phyry, porphyrite,  and  trachytic  phonolite.    His  "quartz  porph>Ty," 

»  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey, 
a  Thos.  Macfarlane,  Geol.  Surv,  of  Canada,  1863-66,  1866. 

765 


766  ALEXAXDER  N.  WINCHELL 

which  occurred  at  the  contact  of  the  sandstone  and  trap,  was  doubt* 
less  a  modified  quartzite.    His  ''trach}'tic  phonolite"  is  not  ful^*^ 
described,  and  correlation  is  uncertain. 

J.  H.  Kloos,*  in  187 1,  described  gabbro  or  hypersthenite,  black;^ 
porph>T}'  or  melaphyre,  porphjTj'  and  amygdaloid.  The  first  namfll'^^ 
was  probably  a  gabbro  and  the  second  a  diabase.  .  -jj 

Pumpelly,'  in  1873,  described  melaphyre,  trap,  and  amygdalolft?';; 
without  microscopic  study;    he  distinguished  three  kinds  of  xsmA^--^ 
ph>Te,  coarse-grained,  fine-grained,  and  melaph)Te  porphyry.    C<V»g 
relations  of  these  names  are  impracticable,  and  would  be  misleadiil|^' 
rather  than  helpful. 

Marvine,^  in  the  same  year,  described  melaphjxe,  trap,  dioiiti^  i  ■ 
and  amygdaloid.    Pumpelly  bter  claimed,  probably  correctly,  thA 
Marvine's  diorite  included  samples  of  diabase,  melaphyre,  and  gablW'i 
but  no  true  diorite. 

Sircng,*  in  1877,  described  melaphjTe,  melaphyre  porphyry,  anif 
hornblende  gabbro  from  the  Keweenawan  of  Minnesota.    He  pub- 
lished chemical  anal\-ses  of  two  of  these  which  permit  their  corre* 
laiion  on  the  quantitative  basis  (see  Table  HI). 

Pum|>elly,^  in  1S78,  described  the  aherations  which  some  of  the 
Ko\vtH.^na\van  rocks  had  suffered  in  great  detail,  but  brought  to 
lighi  no  additional  varieties  of  the  unahered  rocks. 

The  same  author,^  in  1880,  identified  eight  or  ten  kinds  of  igneous 
rcxks  in  the  Keweenawan  (^see  the  correlation  table).  He  distin- 
guishetl  diallage  from  augite  by  means  of  the  parting  in  the  former, 
and,  in  accordance  with  the  usage  at  that  time,  called  a  massive 
igneous  rock  containing  plagioclasc  and  diallage  a  gabbro,  while  one 
containing  plagioclase  and  augite  he  called  a  diabase.  But  in  his 
descriptions  and  illustrations,  his  diabase  seems  to  have  an  ophitic 
texture  in  all  cases.  His  identifications  of  the  various  plagioclase 
feldspars  were  all  based  on  incorrect  methods,  so  that  his  so-called 

»  J.  H.  KlcK)s,  Ztitschrift  drr  deutschen  geologischen  Gesellschaft^  p.  417,  1871. 
^  R.  Pumpelly,  GeoL  of  Mich,,  Vol.  I,  Pt.  2,  1873. 

3  A.  R.  Mar  vine,  ibid, 

4  A.  Streng,  A'.  /.  Min,  Geol,,  1877. 

5  R.  Pumpelly,  Proc.  Amer,  Acad.,  Vol.  XIII,  p.  285,  1878. 
^  R.  Pumpelly,  Geol.  Mis.,  \'ol.  Ill,  pp.  27-49,  i88o. 
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albite  and  oligoclase  are  actually  andesine-oligoclase,  his  labradorite 
is  andesine,  and  his  anorthite  is  chiefly  labradorite  with  some 
bytownite. 

Irving'  followed  the  practice  of  Pumpelly,  but  described  about 
twice  as  many  petrographic  varieties.  He  protested  agamst  the 
practice  of  basing  rock  names  on  any  such  distinction  as  that  between 
diallage  and  augite,  but  followed  the  custom,  nevertheless,  in  the 
main,  although  he  tried  to  discriminate  between  diabase  and  gabbro 
on  the  basis  of  coarseness  of  crystallization,  assigning  the  name 
gabbro  to  the  coarser  grained  varieties.  Irving*s  orthoclase  gabbro 
has  been  called  hornblende  gabbro  by  Wadsworth,  and  porphyritic 
gabbro  by  N.  H.  Winchell;  it  is  nearly  the  same  as  Lane's  gabbro 
aplite;  recently  it  has  been  called  oligoclase  gabbro  by  F.  E.  Wright. * 

N.  H.  Winchell,^  in  1881,  described  thin  sections  of  dolerite, 
labradorite  Tock,  hyperite,  and  gabbro.  He  made  the  name  "doler- 
ite" so  general  in  meaning  as  to  include  gabbro,  diabase,  olivine 
gabbiOy  olivine  diabase,  augite  andesite,  and  basalt.  His  "labra- 
dorite rock"  was  called  "anorthite  rock"  by  Irving,  and  is  now 
called  plagioclasite  (or  anorthosite),  while  his  hyperite  is  now  known 
as  norite. 

Wadsworth,^  in  1887,  proposed  a  new  classification  of  the 
Keweenawan  igneous  rocks  on  the  basis  of  the  alterations  which  a 
given  type  has  undergone.  Thus,  a  gabbro  whose  augite  had  altered 
to  hornblende  he  would  call  a  gabbro,  diorite.  A  peridotite  may  by 
alteration  become  a  serpentine  or  a  talc  schist ;  in  either  case  Wads- 
worth  would  call  it  still  a  peridotite,  adding  a  name  to  indicate  its 
present  condition.  Consequently,  a  rock  called,  for  example,  a 
gabbro  by  Wadsworth,  may  belong  to  any  one  of  a  dozen  types  as 
commonly  recognized.  Nevertheless,  Wadsworth's  names  as  actually 
applied  in  this  case  may  be  correlated  approximately  with  the  names 
of  other  writers,  as  shown  in  the  table. 

Wadsworth  indorsed  Irving's  protest  against  using  the  distinction 

«  R.  D.  Irving,  Geol.  Wis.,  Vol.  Ill,  pp.  167-206,  1880;  Mon.  V.  U.  S.  G.  5.,  1883. 
and  Geol,  Wis.,  Vol.  I,  p.  340,  1883. 

a  F.  E.  Wright,  Science,  Vol.  XXVII,  p.  892,  June,  1908. 

3  N.  H.  Winchell,  Proc.  A.  A.  A.  5.,  Vol.  XXX.  p.  160,  1881. 

4  M.  E.  Wadsworth,  G  N.  H.  S.  Minn.,  Bull.  2,  1887. 
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his  doleritic  melaphyre  is  a  coarser  basalt,  or  a  gabbro;  his  ophitic 
melaphyre  is  a  poikilitic  and  luster-mottled  diabase;  and  his  por- 
phyrite  is  chiefly  andesite  and  trachyte. 

Lane,'  in  1898-1906,  described  the  Keweenawan  rocks  of  Isle 
Royale  and  northern  Michigan.  His  melaphyre  porphyrite  is  the 
equivalent  of  Pumpelly's  "Ashbcd"  diabase  and  living's  diabase 
porphyrite,  Lane's  melaphyre  ophite  is  an  olivine  diabase,  luster- 
mottled  by  mcins  of  poikilitic  textures;  his  doleritic  melaphyre  is  a 
basalt  porphyr}'.  Lane  would  confine  the  name  diabase  to  dike 
rocks.  His  augite  syenite  is  said  to  be  at  least  in  part  an  equivalent 
of  Bayley's  quartz  diabase.  He  uses  the  term  ** ophitic"  in  a  narrow 
sense,  not  justified  by  the  original  definition  of  Michel  L^vy,*  nor 
by  his  usage.3  He  applies  it  to  those  luster-mottled  rocks  in  which 
single  pyroxene  individuals  inclose  several  plagioclase  crystals, 
usually  lath-shaped  and  irregularly  placed.  It  is,  thus,  for  Lane,  a 
variety  of  the  poikilitic  texture.  In  its  original  meaning,  still  com- 
monly used  by  many,  and  adopted  here,  it  refers  to  that  texture  of  a 
basic  igneous  rock  produced  when  the  plagioclase  crystallizes  in 
lath-shaped  forms  before  the  pyroxene  solidifies. 

A.  N.  Wincheil,^  in  1900,  described  in  detail  a  few  samples  of  the 
Keweenawan  rocks  of  Minnesota.  He  used  the  new  term  plagio- 
clasite  for  the  rocks  previously  known  usually  as  anorthosites. 

N.  H.  Winchell  and  U.  S.  Grant^  published  in  1900  by  far  the 
most  complete  accounts  of  the  petrography  of  the  Keweenawan 
igneous  rocks.  Their  nomenclature  varies  very  little  from  that 
commonly  in  use  at  present.  They  described  practically  all  the 
petrographic  types  of  the  Keweenawan  previously  known  and  added 
some  half  dozen  new  varieties.  They  used  diorite  porphyrite  or 
diabase  porphyrite  to  designate  more  or  less  ophitic  types  of  andesite 
porphyry  or  augite   andesite   porphyry.     They   used   Wadsworth's 

»  A.  C.  Lane,  Geol.  Sun'.  Mich.,  Vol.  VI,  Pt.  1,  1898;  Geol.  Soc.  Amer.,  Bull., 
Vol.  XIV,  pp.  369,  385,  1903;  J.  G.y  Vol.  XII,  p.  83,  1904;  Geol.  Sun:  Mich.,  Ann. 
Rep.,  1903,  pp.  205,  239,  1905;  Ceol.  Sun;.  Mich.y  Ann.  Rep.,  1Q04,  p.  113,  1905; 
Proc.  L.  Sup.  Mg.  Inst.,  Vol.  XII,  p.  85,  1906. 

a  Bull.  Soc.  Geol.  Fr.,  Vol.  VI,  1878,  p.  158. 

3  Mineralogie  micrographique,  1879,  PI.  XXXV^I.     See  also  p.  153. 

4  A.  N.  Winchell,  Amer.  Geol.,  Vol.  XXVI,  pp.  151  (197),  261,  348  (1900). 

5  N.  H.  Winchell  and  U.  S.  Grant,  G.  N.  H.  S.  Minn.,  Fin.  Rep.,  Vol.  V,  1900 
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.  Beerbachose 

Olivine  gabbro  (17) 
Birch  Lake,  Minn. 
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Birch  T^ake,  Minn. 

II.  5.  4.  45- 
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III.  4.  3.  4. 
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Macdebur- 
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hm 

HaO 

Total 


38 
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94 
48 
77 


48.90 


26.13 

18.34 

3.61 


46 
92 
41 


0.70 
1.28 
1-03 


99- 56 


18.60 


70.61 
0.52 


4.16 
3-66 

1-43 
0.86 


0.42 


1. 14 

20.57 

57-64 
1.67 


20.57 
57.64 


5-62 
2.70 

6.03 

3-04 
2.23 


2.27 

3.70 

0.43 

3.22 
5-57 
5-92 
1-23 


15.01 

48.21 

7.78 

3-69 


5.18 

5-32 
8.12 
4.00 
2.76 


100.27 


100.64 


100-55 


100.07 


It  is  to  be  remarked  that  not  one  of  these  rock  types  described  by 
Hubbard  corresponds  chemically  with  any  variety  described  by  any 
other  author.  The  fact  suggests  possible  inaccuracies  in  Hubbard's 
analyses. 

Lane's  analyses,  as  well  as  Hubbard's  were  overlooked  and  omitted 
from  Washington's  tables.  Recalculations  of  the  analyses  given 
by  Lane  yield  the  following  norms : 
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0.36 
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0.34 
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2.32 
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7-42 
4-71 

hm 
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Total 

100.36 

98-87 

101.62 

101.22 

100.27 

100.78 

100.14 

100.00 

97-23 
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Lane's  gabbro  aplite  differs  in  its  norm  from  the  orthoclase  gabbro 
of  Duluth  by  a  greater  abundance  of  quartz,  and  also  by  a  greater 
proportion  of  alkalies  as  compared  with  salic  lime.  His  porph>Tilc 
(VI),  on  the  contrary,  belongs  to  the  same  type  (andose)  as  the 
orthoclase  gabbro.  His  porphyrite  (No.  i)  is  a  beerbachose;  the 
others  belong  to  the  classes,  hessose  and  auvergnose,  so  well  repre- 
sented in  the  Keweenawan. 

The  analyses  published  by  A.  N.  Winchell  in  1900  were  recalcu- 
lated by  Washington  with  the  exception  of  that  of  the  troctolite,  the 
norm  of  which  is:  or  2.22,  ab  7.86,  an  28.63,  ne  5. 11,  di  5.91, 
ol  30.21,  mt  10.67,  il  4.41,  MnO  0.08,  H^O  5. 23. 

In  view  of  the  scarcity  of  analyses  of  the  typical  volcanic  rocks 
of  the  Keweenawan  the  following  new  analyses  are  of  much  interest. 
They  were  made  by  George  Steiger  in  the  laboratory  of  the  Sur\-ey. 

ANALYSES  OF  KEWEENAWAN  DIABASE 


No.x* 

Neat 

SOa 

47.69 

16.02 

2.41 

8.70 

8.31 
10.54 
2.44 
none 
0.44 
2.04 

138 
none 
none 
0.06 
none 
none 
0  26 

50.07 

12.6^ 

3.84 

10.30 

5- 23 
6.55 
3-53 
1.90 
0.86 

AUO, 

FcjOj 

FeO 

Mk<> 

CaO 

Na,() 

R,() 

H,()- 

11,0+ 

1.96 
2.50 
none 

TiOa         

ZrOa 

CO, 

none 

Pa()5           .... 

0. 22 

SOj 

s 

none 
none 

MnO     . 

0.42 
0.02 
none 

BaO 

SrO 

Total 

none 
none 

100.29 

100.03 

♦Olivine  dialxijic  fn)m  Bed  io8.  Eagle  Ri\-er  section.  Greenstone  Cliff,  Keweenaw  Point,  Mich 
Samjjlc  No.  «;  <>f  Rohns  collection  of  Lake  Superior  rocks.  Rock  powdered  lo  pass  a  loo-mcsh  sie\'C 
before  analysis. 

t '  -VshUtl"  dialwsc  from  Bed  65,  Eagle  River  section,  Keweenaw  Point,  Mich.     Sample  Xo. 
of  Rohns  collection  of  Lake  Superior  rotks.     Rock  powdered  to  pass  a  loo-mesh  sieve  before  analysb. 
thus  improving  the  atiuratv  of  the  figures  for  ferrous  iron  and  water. 

Recalculation  of  these  analyses  on  the  basis  of  the  quantitative 
classification  gives  the  following  norms': 
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The  olivine  diabase  belongs  to  the  same  class  as  the  Birch  Lake 
olivine  gabbros,  the  Lighthouse  Point  diabase,  and  several  others, 
that  is,  to  the  auvergnose  type,  which  seems  to  be  the  dominant 
type  of  the  Keweenawan,  although  the  hessose  type,  which  differs 
only  in  having  a  greater  proportion  of  salic  minerals,  is  also  quite 
abundant.  But  the  "ashbed"  diabase  classifies  as  a  camptonose, 
very  near  a  kilauose.  It  is  therefore  related  to  Irving^s  melaphyre 
of  Bed  87  of  the  Eagle  River  section,  and  to  the  more  basic  phases 
of  the  orthoclase  gabbro  of  Duluth. 

It  is  to  be  expected  that  additional  analyses  of  the  Keweenawan 
volcanic  rocks  would  disclose  still  other  types,  especially  such  as 
would  parallel  the  known  plutonic  types.  The  parallelism  in  com- 
position already  established  is  quite  remarkable,  considering  the 
relatively  small  number  of  analyses  available.  Thus,  it  appears  that 
Lane's  porphyrite  (No.  IV)  and  ophite  (No.  VII),  as  well  as  Sweet's 
Douglas  County  diabase  and  Wadsworth's  diabase  granophyrite 
from  the  Cleveland  mine,  are  the  chemical  equivalents  among  the 
volcanic  and  dike  rocks  of  Bayley's  olivine  gabbro  from  Pigeon  Point 
and  from  T.  61  N.  R.  12  W.,  and  of  A.  N.  Winchell's  olivine  gabbro 
and  diabase  from  Birch  Lake  among  the  plutonic  rocks.  Again, 
Pumpelly's  melaphyre  from  the  middle  of  Bed  87  and  Lane's  por- 
phyrite (Nos.  V  and  VII)  from  Isle  Royale  correspond  chemically 
with  the  coarse  hornblende  gabbro  and  orthoclase  gabbro  from 
Duluth.  Finally,  the  same  chemical  type,  viz.,  auvergnose,  includes 
plutonic  rocks  such  as  Bayley's  gabbro  and  olivine  gabbro  from 
Birch  Lake,  N.  H.  Winchell's  gabbro  from  Bashitanaquab  Lake, 
and  A.  N.  Winchell's  troctolite,  together  with  volcanic  or  dike  rocks 
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Tfiassic  IcfUhyosauria,  with  Special  Rejerence  to  the  American  Forms. 

By  John  C.  Merriam.    Memoirs  of  the  University  of  California, 

Vol.  I,  No.  I,  pp.  1-196,  pis.  1-18,  1908. 
Just  forty  years  ago  the  late  Professor  Leidy  described  some  fragmentary 
remains  of  ichthyosaurs  from  the  Triassic  of  Nevada,  the  first  known  repre- 
sentatives of  the  order  from  America.  About  ten  years  later  Professor 
Marsh  made  known  a  much  more  highly  specialized  form,  Baptanodotiy 
from  the  Jura-Cretaceous  of  Wyoming,  a  form  which  has  been  recently 
well  described  by  Mr.  Gilmore.  Until  1895,  nothing  was  added  to  our 
very  meager  knowledge  of  the  early  types  from  America  and  not  much 
from  other  parts  of  the  world.  Since  that  time,  however.  Professor 
Merriam,  the  author  of  the  present  memoir,  has  been  engaged  almost  con- 
tinuously in  the  collection  and  study  of  the  abundant,  but  often  refractory 
remains  of  these  animals  from  the  Trias  of  the  Pacific  region,  the  final  and 
praiseworthy  results  of  which  are  embodied  in  the  present  work.  In 
addition  to  the  description  of  Leidy's  Cymbospondylus  he  has  founded  no 
less  than  four  other  genera,  Torotocnemus,  Merriamia,  Delphinosaurus^ 
and  Shastosaurus.  Mixosaurus,  Ophthalmosaurus,  and  Ichthyosaurus  are 
the  only  other  known  genera  of  the  order,  hitherto  unknown  from  America 
with  certainty. 

From  the  time  when  Scheuchser  two  centuries  ago  made  known  some 
vertebrae  of  an  ichthyosaur  from  Altorf  as  those  of  a  human  being  who 
had  come  to  grief  in  the  Noachian  deluge,  the  gropthe  ichthyosaurs  have 
been  of  special  interest  to  all  classes,  and  much  has  been  written  about  them 
in  literature  both  grave  and  light.  So  perfectly  were  they  adapted  for 
aquatic  life  that  it  had  been  generally  assumed,  until  1887,  that  they  were 
directly  derived  from  the  fishes.  Baur  it  was,  who,  in  the  year  mentioned, 
showed  conclusively  from  the  study  of  the  only,  and  imperfectly  known  Euro- 
pean Triassic  form,  Mixosaurus,  that  the  animals  must  have  sprung  from 
some  terrestrial  crawling  reptiles.  A  further  knowledge,  therefore,  of  the  un- 
expectedly rich  and  varied  ichthyosaurian  fauna  which  has  been  brought  to 
light  by  Dr.  Merriam  from  the  Triassic  dej)osits  of  the  Pacific  region  since 
1895  when  he  began  his  energetic  studies  of  this  group,  are  peculiarly  wel- 
come to  all  interested  in  extinct  animals  and  their  evolution.  So  important 
are  the  many  positive  demonstrations  of  evolution  in  these  forms  which  the 
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author's  studies  disclose,  that  it  will  be  of  interest  briefly  to  summarize  the 
more  noteworthy  of  them.  Perhaps  no  more  familiar  type  of  an  aquatic 
carnivorous  vertebrate  can  be  suggested  than  the  common  gar-pike  of  Amer- 
ica, a  long,  smooth  body,  short  neck,  propelling  tail,  guiding,  loosely 
connecting  fins,  slender  jaws,  etc.  The  later  ichthyosaurs  approach  such  a 
typ)e  more  closely  than  do  or  have  any  other  air-breathing  animals,  in  their 
long  body,  short  neck,  extraordinary  tail-fin,  paddle-like  limbs,  long  jaws, 
large  eyes,  etc.,  and  it  is  very  evident  that  in  the  transition  from  forms  not 
unlike  a  common  lizard  in  external  appearance,  the  animals  must  have 
passed  through  very  great  changes.  In  the  Triassic  forms  chiefly  those  from 
California,  Dr.  Merriam  has  demonstrated  a  progressive  adaptation  ia 
all  these  and  in  other  characters.  The  locomotion  of  these  early  forms  was 
more  by  aid  of  the  limbs  and  less  by  the  tail,  the  limbs  were  larger,  with 
fewer  bones,  more  elongated  arm  bones,  the  hind  limbs  were  larger  to  supply 
the  deficiency  of  a  weaker  tail,  their  connection  with  the  trunk  was  stronger, 
the  pelvis  was  heavier,  the  connection  of  the  vertebrae  with  each  other  was 
more  of  the  terrestrial  kind — the  vertebrae  were  more  elongated,  that  is» 
less  fish-like,  etc.  The  skull  was  shorter,  the  jaws  relatively  less  elongated, 
the  teeth  were  more  firmly  fixed,  the  eyes  were  smaller,  the  ears  less  well 
adapted  for  deep  diving,  and  the  neck  was  less  short.  But  it  is  in  the  tail 
that  the  most  interesting  progressive  adaptation  is  seen.  Everyone  knows 
how  remarkable  was  the  terminal  caudal  fin  of  the  late  ichthyosaurs.  Dr. 
Merriam  shows  that  the  early  forms  were  progressively  modified  from  the 
simple  llattencd  tail,  as  in  the  crocodile,  to  a  tail  with  a  preterminal  dilata- 
tion like  that  of  the  mosasaurs  having  little  or  no  downward  bend ;  to  the 
gradual  turning  downward  of  the  distal  end  and  the  great  expanse  of  the 
terminal,  quite  lish-like  caudal  fin.  It  is  only  in  the  ribs  that  modifications 
seem  to  have  arisen  not  in  conformity  with  the  laws  of  aquatic  specializa- 
tion. The  early  forms  had  them  attached  to  the  centrum  by  a  single 
head,  while  the  laters  ones  are  predominantly  bicipital.  However,  the 
writer  has  little  doubt  that  this  primitive  branch  of  the  reptilian  stem  began 
with  single-headed  ribs,  and  that  the  acquisition  of  a  double-headed  attach- 
ment of  a  kind  almost  peculiarly  their  own,  has  been  an  independently 
acquired  character.  On  the  other  hand,  it  seems  very  certain  that  a  similar 
mode  of  attachment  in  the  neck  ribs  of  the  plesiosaurs  was  a  primitive 
character  which  has  been  lost  in  all  the  late  forms.  As  the  author  says: 
**Not  only  is  the  stage  of  development  of  the  Triassic  representatives  nearer 
the  stem  or  semi-aquatic  reptilian  type  than  in  the  later  ones,  but  a  definite 
and  fairly  regular  gradation  or  progressive  specialization  from  the  earliest 
forms  to  the  latest  seems  to  be  recognizable  in  many  parts  of  the  skeleton.'* 
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But  alas,  notwithstanding  all  these  conclusive  evidences  of  evolution  from 
a  still  earlier  terrestrial  type  the  Triassic  forms  oflFer  no  conclusive  evidence 
of  the  origin  of  the  order.  The  author  can  see  no  especial  rhynchocephalian 
characters  in  the  ichthyosaurs,  so  strongly  urged  by  Baur,  and  he  rejects 
the  conclusions  of  McGregor  that  the  ichthyosaurs  are  nearly  related  to  the 
phytosaurs,  and  in  both  these  conclusions  the  writer  concurs.  He  believes 
that  the  ichthyosaurs  arose  from  very  primitive  or  the  most  primitive  reptiles. 
Hay,  recently  in  his  extensive  work  on  the  turtles  has  reached  the  same  con- 
clusion for  that  order  of  reptiles.  In  other  words,  the  results  of  both  these 
authors,  based  upon  exhaustive  studies,  go  to  support  the  phylogenic  views 
expressed  by  Cope  in  his  Factors  of  Evolution^  published  not  long  before  his 
death.  It  seems  to  the  writer  they  also  destroy  every  shred  of  support  remain- 
ing for  the  primary  division  of  the  reptilia  into  two  chief  classes,  and  the 
writer  further  protests  against  the  use  of  the  terms  "Synapsida"  and  **Diap- 
sida"  as  practically  synonyms  of  Cope'^s  Synaptosauria  and  Archosauria, 
proposed  and  sustained  by  him  years  before  his  death. 

Briefly  stated  in  conclusion,  Dr.  Merriam  gives  a  full  discussion  of  the 
geological  and  geographical  distribution  of  the  ichthyosaurs,  their  classifi- 
cation (he  accepts  Baur's  two  families  only,  the  Mixosauridae  and  Ichthyo- 
sauridae),  evolution,  and  structure,  with  especial  reference  to  the  Triassic 
forms,  which  are  fully  described  so  far  as  the  known  material  has  permitted. 
The  work  is  well  illustrated  by  text  figures  and  plates. 

Both  the  author  and  the  University  of  California  are  to  be  congratulated 
upon  the  issuance  of  this  volume,  and  not  the  least  is  the  university  to  be 
commended  for  the  inauguration  of  the  handsome  series  of  quarto  memoirs 
of  which  this  is  the  beginning;   other  institutions  might  well  profit  by  the  • 
example, 

S.  W.  W. 


Skeletal  Remains  Suggesting  or  Attributed  to  Early  Man  in  North 
America,  By  Ales  Hadlicka.  Bureau  of  American  Ethnology, 
Bulletin  No.  38,  Washington,  D.  C,  1907. 

This  is  a  very  careful,  dispassionate  review  of  the  skeletal  remains  found 
at  New  Orleans,  Quebec,  Natchez,  Lake  Monroe  (Florida)  Soda,  Creek, 
Charleston,  Galaveras,  Rock  BluflF,  Penon,  Trenton,  Burlington,  Riverview, 
Lansing,  Osprey,  Hanson  Landing,  and  Nebraska.  The  discussion  of 
the  Nebraska  "loess  man,"  which  is  based  on  personal  examination  of  the 
grounds  as  well  as  study  of  the  remains,  is  the  climacteric  point  of  interest, 
because  of  the  low,  retreating  foreheads  of  some  of  the  skulls.  Hadlicka's 
general  conclusion  (p.  98)  is  as  follows: 
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The  various  finds  of  human  remains  in  Nortl 
antiquity  has  been  claimed  have  been  thus  briel 
seen  that,  irrespective  of  other  considerations,  ii 
of  the  bones  is  preserved  for  comparison  the  soma 
against  the  geological  antiquity  of  the  remains  ai 
identity  with  those  of  the  modem  Indian.  Und< 
conclusion  is  justified,  which  is  that  thus  far  on  1 
of  undisputed  geological  antiquity  are  known, 
equivalent  to  a  declaration  that  there  was  no  early 
only  that  if  early  man  did  exist  in  North  Americ 
from  the  standpoint  of  physical  anthropology  still 

Referring  particularly  to  the  Nebraska  "loess  n 
for  solid  ground  on  which  to  base  an  estimate  of 
for  the  Gilder  Mound  specimens.  The  evidenc 
the  above  conclusion,  that  the  existence  on  this  o 
primitive  t3rpe  and  of  exceptional  geological  antiqi 

There  may  be  discouragement  in  these  repea 
tory  evidence  of  man's  antiquity  in  America,  but 
to  renewed,  patient,  careful,  scientifically  condu 
and,  as  Professor  Barbour  says  in  one  of  his  pap 
end  to  be  attained  is  worth  the  energy  to  be  expe 
stration  of  the  presence  of  a  geologically  ancient  mj 
an  important  link  in  the  history  of  the  American  n 
The  Missouri  and  Mississippi  drainage  areas  offe 
the  discovery  of  this  link  of  humanity  if  such  real! 
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